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Art. I.

—

Contributions to Meteorology: being results derived from
an examination of the Observations of the United States Signal
Service, andfrom other sources ; by Elias Loomis, Professor of

Low barometer at Portland, Oregon.

In my last paper, page 5, I showed that the great storms of

the United States frequently come from British Columbia or
its vicinity. In order to extend this part of the investigation

I selected from the published volumes of the Signal Service

observations (Sept., 1872, to Oct., 1874,) all those cases in which
the barometer at Portland, Oregon, fell as low as 297 inches.

These cases amount to sixty-three, and correspond to eighteen
different storms, as is shown in the following table, in which
column 1st shows the number of the storm; column 2d shows
the date at which the barometer was below 29'7 inches ; column
3d shows the height of the barometer at Portland at the date
mentioned ; column 4th shows the direction of the wind, and
column 5th shows its velocity at Portland at the date men-
tioned

; column 6th shows the rain-fall at Portland during the
preceding eight hours; column 7th shows the least height of
the barometer observed at that hour at any station within the
same low area; column 8th shows the name of the station at

which the barometer was lowest; column 9th indicates the
region where the storm appears to have originated; Br. Co.
denotes British Columbia; Can. denotes Canada, northwest;
Am. Jocb. 8ci.—Third Series, Vol. XVI, No. 91—July, 1878.



Barometer below S nches at Portland, Oregon.

•08 Punta Rassa
•16 Galveston

•44 Sydney

•89 Breckenridge .

•87 Yankton

57'LaCrosse

•24jBrockville

•24 New London

•28Norfolk ]

•36 Sydney !]

•23 Fort Sully ! Mar.11

Fort Sully

Fort Sully JBr. Co.
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and Pac. O. denotes Pacific Ocean ; column 10th shows the

highest pressure observed at any station at the date mentioned
in column 2d ; and column 11th indicates the station at which
this pressure was observed. Each of these areas of low pressure
appears to have moved eastward, and can be traced* to the
Atlantic coast. Column 12th shows the date at which the cen-

ter of low pressure reached the Atlantic coast, and column 13th

shows the latitude of the low center at that time.

A comparison of these cases shows that they all occurred
during the six colder months of the year, and they were most
numerous in January. In a majority of the cases the wind
blew from the south, and in only three cases did the wind blow
from any northern quarter. The greatest force of the wind in

any case was thirty miles per hour; in six cases it rose as high
as twenty miles per hour, and the average velocity was 8 -2
miles per hour.

In forty-six per cent of the cases, the pressure at Portland
was lower than at any other station at the same hour; in twenty-
seven per cent of the cases, the lowest pressure was at Virginia
City or Fort Benton ; in thirteen per cent of the cases, the lowest
pressure was at Fort Sully; and in the remaining cases the

lowest pressure was at some station still further east. A com-
parison of the observations at Virginia City with those at

og stations indicates that the readings of the barometer

City are too low, and accordingly they have all

been increased by 0*26 inch.

With but two exceptions, all of these cases of low pressure
appear to have originated north of Portland, and generally west

ition. In the table, this region is designated by the
term British Columbia. It is probable that in some of these
cases, and perhaps in all of them, the area of low pressure was
first formed over the Pacific Ocean. No. 10 was apparently
formed on the east side of the Eocky Mountains, but north of

I States, a region designated as Canada N. W. Nos.
8 and 17 were apparently formed over the Pacific Ocean, near
the latitude of San Francisco.

In a maj< there was an area of high barom-
•f of about

1500 miles. In one case the barometer rose to 30 95 inches;
in six cases the barometer rose as high as 30'75 inches: in
one-tl v>\ of the cases the pressure rose to 30'5 inches: and in

more than two-thirds of the cases the pressure rose to 30*25
inchea In five cases (out of sixty-three) there was no station
within the limits of the United States where the pressure rose
as high as :j lates mentioned. No. 17 is rep-

resented on P - Ml,.- v.; -;..n ving the present paper, and No.
2 is represented on Plate I accompanying my fifth paper.



4 E. Loomis— Observations of the U. S. Signal Service.

In each case the center of low pressure traveled eastward,
and can be traced to the Atlantic coast. No. 11, being a
depressed period of five days' continuance, should probably be
regarded as consisting of two depressed areas, the second of
which immediately succeeded the first, so that the two were
united in Oregon, but traveled across the continent indepen-
dently, one of them reaching the Atlantic four days later than
the other. So also No. 12 apparently consisted of two depressed

Oregon, but traveled across the

i of the]continent independently, one of them two days '.

other. The average time of crossing the contii

days, and the average latitude where the low center met the
Atlantic was 45°.

The paths by which these areas of low pressure crossed the
continent differed considerably from arcs of great circles. Start-

ing from the Pacific Ocean, generally as far north as latitude

50°, the course was toward the southeast, until near the middle
of the continent, and on the meridian of 100° from Greenwich
the average latitude of the paths was 40°. Thence the course
gradually veered northward, and upon reaching the Atlantic
the average latitude of the paths was 45°.

Zoic barometer at San Francisco, California.

The observations made at San Francisco have been discussed

in the same manner as those at Portland. The following table

shows all the cases in which (during a period of twentv-six

months) the barometer fell as low as 297 inches. The table is

constructed in the same manner as that for Portland.

The number of these cases is twenty-nine, corresponding to

nine different storms, and most of them occurred during the

winter months. A single case is reported for the summer
months, which apparently resulted from causes operating over

' portion of the North American continent. In three-

fourths of the cases the wind blew from some southern quarter,

and in only three cases did it blow from a northern quarter.

The average velocity of the wind was fifty per cent greater

than at Portland, a result which may be ascribed to greater

proximity to the ocean.

In more than one-third of the cases the pressure at San Fran-
cisco was the lowest reported at any station at the same hour.

In eleven of the cases the greatest depression was on the east

side of the Rocky Mountains, and in eight cases the point of

greatest depression was situated about 1400 miles eastward.

Five of these depressions appear to have originated over the

Pacific Ocean ; the remaining four appear to have
north of the United States, two of them on the west side of the

Eocky Mountains and two on the east side.
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Barometer below 29'7 inches at San Francisco.

1
WIND. !„•! H ,.„„, « High on East side. BeaehedAfie.

1 Dlrec V,l 2
7 Bar.

|
Station. Date. Ut

1872.
|

1 Dec. 28.2 29-68 S.E. 14 0-11 29-68 San Francisco Pae. 30-47 Nashville Dcc.:;i 43°

[Jan. 31.2 Js.E. 20 "04 •55 San Francisco Pac. 78 Breckenridge Feb.
-

45
•60 San Francisco •85 Breckenridge

2JFeb. 1.1

•S X. J
•65 San Francisco
•64 San Francisco

93 Fort Sully

8. s 02 •67 San Francisco •74 Davenport
(Fob. 24.1 •U" Pae. O 35 Fort Sully

3
j

24.2

•64 \Y. 12 (

°

•38Corinne

28 Fort Sully
•36 Fort Sully

4 July 1.3 <.w. •59 Fort Garry •18 Lake City rnly h 45
-. :._: •14 Fort Sully Can. •13 Halifax 50 f

26.1 •25 Breckenridge •21; Washington
26.2

68
<\Y.

*.\Y. 12 J

•20 Fort Garry
•26 Philadelphia

S.K. •66 Cheyenne
7

Pac. 0. •28 Charleston Dec 9 48
X.W •63 San Francisco •42 St. Louis

•57 San Francisco •39 Cairo
4.3 s. •55 Sau Francisco

•(32 "h .,,,,

S.E. 8 25 71 Kingston
<li. •66 Cheyenne

8-! •69 V.hj o o eg.SanFrancisco •16 Chatham

fJan.75.3 •55 g 28 •31 •23 Portland Or Br.Coi. •58 Davenport Jan l!» 45
- w. 2 4 •22 •Hi Portland! Or! •49 Louisville

M 16.3 <.\Y. •14 Fort Benton •47 Pittsburgh

s. •41 •00 ! Fort Garry •56 Lynchburg
•56 Philadelphia
•24 Brockville

c
l

r,
17 - 2 s.w. 25 Fort Garry

8 Feb. 12.1 S.W. Br.C.,1. Feb. 14

JLApr.ll.l 70 \Y ' « *62!Salt Lake City Pa-.". •45 Pembina Ap. 16 48

In nearly all of these cases there was an area of high barom-
eter on the east side of San Francisco at an average distance of

1500 miles. In one case the barometer rose to 30'95 inches,

and in two-thirds of the cases it was as high as 30*36 inches.

In No. 4 a moderate depression of the barometer extended over
the entire United States, with the exception of the southeast
portion. This low area continued to cover a considerable part

of the United States without much change during a period of

fifteen days.

In each of these cases (with perhaps a single exception) the
center of low pressure traveled eastward across the Rocky

3, and can generally be traced entirely across the con-
tinent, although in some cases the barometric wave experienced
considerable modification in its progress. On account of the

uncertainty attending the reduction of the mountain observa-
tions to the level of the sea, the progress of the barometric wave
is best exhibited by the changes of pressure, without regard to
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the absolute height of the barometer. Plate I exhibits the

oa of the barometer for Nos. 2, 3 and 9 at San Francisco
and several other stations, extending eastward to the Valley of

the Mississippi, and a change of pressure of one-tenth of an inch
is represented by one-tenth of an inch in the diagram. Plate
II represents three other cases in which the minimum of press-

ure is pretty sharply denned, and the progress of the barometric
wave is very distinctly indicated. These examples show conclu-
sively that barometric waves sometimes travel from the Pacific
<•, tast across the Rocky Mountains into the Valley of the Missis-

sippi, with so little change as to leave no doubt of their identity.

It will be noticed, however, that the barometric oscillation gen-
erally increases quite rapidly as soon as the wave reaches the
Mississippi Valley; and in several of the diagrams palpable
changes will be perceived in the form of the curves from one
station to another. In several of the cases, not here represented,

these changes are still more considerable.

The minimum at Salt Lake City usually occurs about sixteen

hours later than at San Francisco, and at Cheyenne about one
day later than at San Francisco. This indicates a velocity of

forty miles per hour, which is greater than the velocity usually
found for barometric waves ; but it is probable that the motion
of the center of low pressure was not parallel to the line joining
San Francisco and Cheyenne, so that the velocity of the center

of low pressure wa^ les^ than forty miles per hour. It seems,

then, to be clearty established that barometric waves frequently
travel from the Pacific coast across the Rocky Mountains and
reach the Mississippi Valley with but little modification. The
Rocky Mountains form an uninterrupted barrier 6,000 feet in

height from British America southward to latitude 32°, and the

Sierra Nevadas present a barrier of the same height extending
from British America southward to latitude 36°, with but three

to less than one hun-
dred miles. The Rocky Mountains form a barrier of 10,000 feet

in height, which extends nearly half the distance from latitude

49° to latitude 32
c

, and which is continuous for about 350 miles
in the neighborhood of Colorado. The Sierra Nevadas also

present short ranges of equal altitude, but the longest of them
is less than 150 miles.

Thus we see that an unbroken mountain range of 6,000 feet

in height cannot stop the progress of atmospheric waves ; neither

do ranges of more than 10,000 feet in height, broken as in North
America, present any insuperable obstacle. A great barometric
depression requires either a wind blowing with a hurricane

velocity, or else a system of converging winds extending over
uiges between the Pacific Ocean

and the Miss sent obstructions to the formation
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of a system of winds of very great geographical extent, and this

is probably one reason why the barometric fluctuations at the

mountain stations are less than they are in the Mississippi Val-
ley. The oscillations of the barometer are generally somewhat
greater at Salt Lake City than at San Francisco, and generally
they become very much magnified after crossing the Rocky
Mountains. The depression of the barometer at the center of

a great storm is mainly due to the geographical extent of the

system of winds set in motion ; and after a storm-center has
reached the Mississippi Eiver, there are no mountain barriers

to prevent the formation of a system of circulating winds over
an area 2,000 miles in diameter.'

Areas of high barometer.

of the areas of low barometer described in my eighth

i of high barometer on the east. l.v l

.list

lowed by an area of high barometer on the west side at about
the same distance.

In order to discover the circumstances under which areas of

high barometer originate, and the relations which they bear to

areas of low barometer, I selected from the published volumes
of the Signal Service observations all those cases in which the

barometer at any station rose above 30*65 inches. Sometimes
at the same hour the barometer was above 30-65 inches at a con-

siderable number of stations, all included within the same high
area. In such cases, only one of the stations was employed,
viz., the station at which the barometer was highest. These
cases of high barometer are exhibited in the following table, in

which column 1st shows the number of the high area; column
2d shows the date at which the barometer was above 30'65

inches; column 3d shows the greatest height of the barometer
observed at that hour; column 4th shows the name of the

station at which the given height was observed ; column 5th
shows the temperature at the given station at the given hour;
column 6th shows the highest velocity of the wind which pre-

ceded each of these areas of high barometer; column 7th

the region where this high area appears to have
originated

; the abbreviations are the same as in the preceding
tables, except Ark. which denotes Arkansas; column 9th
shows the station where the barometer was lowest on the east

side of the high area; column 8th shows the height of the

barometer at the given station ; column 11th shows the station

where the barometer was lowest on the west side of the high
area

; and column 10th shows the height of the barometer at
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Barometer above 30-65 inches.

1

Station. m ;,\\

Low on East Bide. Low on West Bide.

No.
Ba,| Station. Bar. Station.

1 Oct. 29.1 30-66 Kingston 33 33 3ml
|

., 9 , ;t Omaha.
13 47 Iir'i' :. 29-55 St. Paul

do.

2-

14.2 •88

6b
do.

do.

do.

do.

18 •65 Escanaba
51 Montreal
•30 Quebec

16*3 •69 •96 Quebec
17.1 Nashville

17.3 Leavenworth
Br. Col •90 Fort Sully

Nov 28.1 Breckenridge -12 57 B " ... 91 Quebec
28.2 84 Buffalo

28.3 9b Rochester Portland, Or.

29.1 Breckenridge -15
29.2

Dec. 8.2 •TO Breckenridge
2

3 41 Br. Col •4^ Montreal

•95 Portland, Or.

8.3
82

do.

do. Esl •i

: Rochester

Dec.2Ll 72 Leavenworth Br.Col •69 Halifax

do. •80
j

Halifax •73 Fort Benton.
•7-. Nashville •88 Oswego •68 Virginia City.

- •71 Breckenridge -33 40 71 Cheyenne.
23.2 •88 do. Montreal •74

do. Halifax Portland, Or.

do. do.

25A Kingston •68

'Dec. 25.3 -24 32 Portland, Or.

g 26.2 l~
Breckenridge

•51

Norfolk
New London •7?

do.

do.

-27 •31 Halifax 9:

27.'l •88 do! -33 •17 do. '8 < Cheyenne.

9 Jan.' 12.1 •>;» Charleston 36 36 Arkan •51 Fort Sully.

10

Jan. 15.1
!•

Portland, Me. Can. •59

•tic

Leavenworth.

15^ 8! Halifax 10 Alpena.
Jan. 16.1 7- Breckenridge

do.

-26 38
-15
-22 .

Br.Col

I
Louisville

17J do.

•6( St. Paul -16 Wilmington
-36| Philadelphia

"Jan. 27.2 Br.Ool New London
27.3 9L do. Halifax
28.1 « do. do. Santa Fe.

Leavenworth do.

do.
' Jan. 31.1 82 Corinne.

31.2 do. S. Francisco.

do. Quebeo do.

Feb. 1.1 Fort Sully S. Francisco.

L
1.1 'u

Leavenworth
Davenport 1 •87

do.

do.
- do.
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Barometer above 30*65 inches.

— 1

s
'

Station i

n
,'V"

Low on East side. Low on West side.

1 1 Bar.
|

Static. Bar. Station.

'Mar. 1.3 3071 Fort Sully °6 36 Can. 29-9 Quebec
do. | 6 •5

2. do.
•86 '-' -21 Cape May

3]

3.2

•88 do.

St. Paul
do.

~ 3

:

5H
:;:

New London
Portland, Me.

do. 9-97 Portland, Or.

H i '?!
Chicago 20 ;

:

.

do.

do.
7'

do.

do.

£
•7:

Knoxville \\ [][

do.

5.2 Port Stanley °do.

en"°Q'

5.3 Baltimore do.
•78 Lynchburg -15

s

di
•71

Norfolk

do.

Si •35

•42

Fort Sully.

Duluth.
Fort Sully Br.Col

25.1 •76 do. - 5 94 Portland, Or.

29*2 •67

Pembina
do. -

1

!

32 Can.
85

Cape Rosier
•75

Portland, Or.

29.3 72 do. do!
30.1

30.2

30.3
"P

5

•'74
Virginia City.

Dec. 1.1

1.2

2.']

3
Chatham

•62

do.

do.

do.
79 do. do.

2.3 Halifax

Sydney
LaCrosse
Toledo •76 do.

.

5.3

•71

MonCal \l

•61 Corinne.
•66 Cheyenne.

Dec. 9.J

Chatham •77 Breckenridge.
Can. Father Point

19- do. Br.Col.

do.
2© •66 Fort Gibson 16 32 1 'an. •83 Cape Rosier

f
Am. 5.3 -74 Father Point 15 32 Br.Col. •68 Fort Garry.

•85 Fort Garry.21 J 6.1 •93 Chatham
•79 Cape Rosier •74: Augusta, Ga.

[Jan l

6 '3

•81 Breckenridge -4
Can. •92 San Diego.

89
iYankton Cleveland

•96 do. New London •80 Portland, Or.
•89 Breckenridge •17 •67 do.

28 Halifax

23 j
Jan- 20.3

•70 do. 19 do.
•69 Father Point 3 40 Jan.

' -l-l •74 Chatham - 7l
1

•38 i Fort Gibson.
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Barometer above 30-65 inches.

_
| Station. ! lb ;;

!

;if;
Low on East aide. I„« .nW.-ot^le.

s Bar.

"S do.

do.

~ll

38 Can. 20-2 7 Cape Rosier

do.

Eastport 2-J-55

£3
•81 Milwaukee

Port Stanley

l

l

19 Halifax

do. •83 Fort Benton.

s J 41 Br.Col.

il?L"
do.

Halifax

do'. •69 Santa Fe.

25
3l'l i

do.

Marquette 1 do!

do.

Feb. 1.1

S

Brockville

Burlington

Chatham
Father Point

-25

-22

•*4 do.

Mobile.

26 Feb. 5.1 t-i' Brockville -6 ;;o Br,<V,l. •59 Sydney •63 Santa Fe.

f Feb. 23.2 Yankton 50 Br.Col.

•86 - 2

I B
•82

JL. ~
J

•63 Sydney

CU&T.23A

28
\ Hi

2
Breckenridge - 8 48 Br.Col. 47

do'.

{ 24.1 St. Louis 2S do.

29 -Apr.i •49 do. Fort Sully.

( Sep. IT.3

30-^ 18.1

18.2 i
Cape Rosier Br.Col

4!

Fort Garry.

:;i Oct. 12.1 Yankton -60 Cape Rosier •95

32 Oct. 30.3 70 'Fort Sully 41 iBr.Col. •47lSydney

These cases correspond to thirty-two different areas of high
barometer, and thirty of these occurred during the six months
from October to March, and none occurred during the four

months from May to August More than half of the whole
number occurred during the months of December and January.
Areas of unusually high pressure are thus found to occur at

the same season of the year as areas of unusually low pressure.

In order to show how far these cases of high pressure are

dependent upon latitude and longitude, I have divided the

stations into three classes ; one class including the stv
of longitude 86° from Greenwich ; a second
stations between the meridians of 86° and 102°; the third class

including the stations west of the meridian of 102°.
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Classification ,,f tin caw* <<f high pressure.

West oflon. 102°. From Ion. 86'' to Ion. 102°. East of Ion. 86°.

Station. Lat. jcases. Station.
J

Lat. Cases Station.
|

Lat. jcasee.

Fort Benton
Portland, Or. 4f, 30

Pembina 49
e

0'

Marquette 46 33

St. Paul 44 53

LaCrosse
7

43 48

Yankton 142 45
Chicago 41 52

Davenport 41 30

Nashville 36 10

Fort Gibson 35 43

2

2

2

Cape Rosier Us =
52'| 4

Chatham 47 1 8

Quebec 46 48
,

1

Sydney 46 8 1

Montreal 45 31
j

2

Halifax 44 4 3

44 31 1 2

Burlington 44 29 2

Kingston 44 12 6

i3 4 2

Baltimore 39 18
j

1

Lynchburg 37 18 1

\„n ,',_ -
i.l 1

'
: .

-.
: : .'"

;

The observations at each of these -rations cover the entire

twenty-six months, with the following exceptions, viz.,

the observations at Pembina commenced in November, 1872

;

those at Halifax, in December, 1872; at Yankton and Fort
G-ibson, in April, 1873 ; at Chatham, in October, 1873 ; at Cape
Rosier, Father Poi ,t and Svdnev. in November. Ls7)5 : and at

.
in January, 1874. We see that cases of bigh ba-

rometer occur most frequently at the northern stations. About
two-thirds of the whole number were north of latitude 14°, and

percent of the whole number were south of latitude
40°. Only one of the cases occurred beyond the Rocky Mount-
ains: and on the east side of the mountains hiu'h barometer is

near the meridian 97 . After making allowance
for the unequal period of observation at the different stations,

we find that in the neighborhood oil Dakota, eases of very high
pressure are nearly twice as frequent as they are at a corres-

kmidmu latitude hear the Atlantic coast, this fact appears
still more palpable if we make the comparison for pressures as

~° and
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mometer fell as low as - 30°, and five of these cases occurred
at Breckenridge. In more than half of the whole number of

cases the thermometer fell as low as zero of Fahrenheit. The
highest temperature reported in anv one of these cases was 48°

at Cape Rosier, September 18.2, 1874. This is a station where
the daily range of temperature is unusually small, being influ-

enced by the temperature of the Gulf of St. Lawrence. In all

of these cases the average temperature at Breckenridge and its

vicinity was very much lower than at any of the stations east

of longitude 86°*.

The fact that the region of lowest temperature is also the

region of highest pressure cannot be regarded as accidental.

The low temperature of the air increases its density, and thus

contributes to increase its pressure. This point will be further

considered on page 16.

With a single exception, these areas of high barometer ap-

peared to come from British America. About half of them
appeared to originate on the west side of the chain of the

Rocky Mountains and half on the east side ; but on account of

the small number of stations of observation it is impossible to

trace these areas of high pressure satisfactorily to their origin.

Each area of high pressure appears to have commenced with a

moderate elevation above 30*00 inches ; this elevation gradually
increased as the wave advanced, and generally attained its

maximum over Dakota or Minnesota. In one case (Jan., 1873,)
an area of high barometer prevailed in the South.
which cannot be traced to British America. This area of high
pressure seems to have been first developed in the neighborhood
of Arkansas, and increased slowly in magnitude as it drifted

eastward, attaining a height of 30*66 inches at Charleston, Jan-
uary 12th, 1873.

In nearly all of these cases an area of low pressure immedi-
ately preceded the area of high pressure. When the center of

hiyh pressure is west of the Mississippi, an area of low pressure

is almost invariably indicated by the observations near the

Atlantic coast. When the center of high pressure is near the

Atlantic coast, there are no stations of observation where this

low pressure on the east side could be shown, but generally an
area of low pressure had prevailed in the same region a day or

two previous. This was the case in Nos. 1, 10, 17, 21, 23 and
30. The only case in which an area of high pressure was not

•iy preceded by an area of low pressure on the east

side was No. 9. This case, which has already been referred to,
11

resulted from an area of low pressure prevailing in

the United States. We thus find that

assure are almost invariably preceded by
•e on the east side, generally at a distance
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Nearly all of these areas of high pressure were immediately
followed by an area of low pressure on the west side. When
the center of high pressure reached the middle of the continent,

an area of low pressure was almost invariably indicated by the

observations near the Pacific coast. As long as the center of

high pressure was near the Pacific coast, there were no stations

of observation where this low pressure on the west side could
be shown, but generally an area of low pressure made its appear-

ance in the same region within two days after the i

the center of high pressure. Nos. 18, 19, 20, 27, 28 and 32
were of this kind.

The only cases in which an area of high barometer was not
followed by an area of low barometer within two days, were
Nos. 2, 3 and 5. In No. 2, an area of high barometer, which
advanced eastward very slowly, was immediately succeeded by
another area of high barometer, and no considerable low was
formed between them within the limits of the United States,

but a low was apparently formed in Canada. In like manner,
No, 3 was immediately succeeded by another area of high
barometer, and no considerable low was formed between them.
In No. 5 a low area was apparently in process of formation on
the west side, when another area of high pressure pushed in

from the north and filled up the low area. Thus we see that

an area of unusually high pressure is almost invariably suc-

ceeded by an area of low pressure on its western side, at a dis-

tance of about 1,200 miles, but occasionally a new area of high

pressure pushes on immediately after the first, and prevents the

formation of any considerable area of low pressure.

Areas of unusually high pressure are thus seen to be gener-

ally accompanied by areas of low pressure both on the east and
west sides, and at an average distance of about 1,200 miles.

Sometimes an area of high pressure is broad enough to cover
the entire continent from ocean to ocean, as in November 17,

1872, January 24, 1874, February 1 and 2, 1874, and February
24, 1874; but generally when a center of high pressure is near
the middle of the continent, an area of low pressure is found to

be passing off on the east side, and another area of low pres-

sure coming on upon the west side. This will appear from an
inspection of the Table on pages 8, 9 and 10. Sometimes the
same map shows an area of very high pressure in M
with areas of very low pressure both on the Atlantic and
Pacific coasts. Such was the case December 23, 1872 ; Decem-
ber 26, 1872; January 27. 1878; March 4. 1873; November
'^. 1*73 : January 15, 1874, and April 12, 1874. The case of
• f -'

' ' 15, 1874, is remarkable for the great difference between
aim and the minimum pressures; and the case of

April 12, 1874, is remarkable for the small distance between
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the two centers of low pressure. Plate III represents the iso-

bars for this date, and shows a maximum pressure at Alpena
ig to 30-66 inches, with a minimum on the east side of

2949 inches at Sydney; and a minimum on the west side of

2949 inches at Fort Sully.

The direction of the wind is shown by the arrows, and its force

is shown by the number of feathers attached to the end of the

arrow. One feather indicates a velocity not exceeding five miles

per hour ; two feathers indicate a velocity from six to ten miles

;

three feathers, from eleven to fifteen miles ; four feathers, from
sixteen to twenty miles, and so on for higher velocities.

Plate I accompanying my fifth paper represents an area of

high barometer near the Mississippi River, with an area of low
barometer in Oregon. There was at the same time an area of

low barometer on the east side, which had just passed beyond
the limits of the chart.

One of the most remarkable circumstances attend

areas of high pressure is the force of the northerly wind which
precedes their formation. The following Table shows the

direction and force of the wind (in miles per hour) at certain

stations at the time of formation of each of the areas of high

barometer mentioned in the Table on pages 8, 9 and 10.

Xo. 1.—1872, Oct. 27.1, Quebec, wind N. E. 33.

No. 2.—Nov. 12.2, Fort Sully, N. 40; Nov. 13.2, Breckcnridge,
N. W. 45; Nov. 13.3, Breckenridge, N. W. 40; Nov. 14.1,

Fort Sully, N. W. 42; Breckenridge, N. W. 40; Nov. 14.2,

Breckenridge, N. W. 36; Pembina, N. W. 30; Nov. 15.1,

Breckenridge, N. W. 36 ; Pembina, N. W.

No. 3.—Nov. 16.3, Breckenridge, N. W. 30; Nov. 17.1, Brecken-
ridge, N. W. 28; Nov. 18.2, Fort Sully, N. W. 32.

Ko. 4.—Nov. 27.1, (irand Hasan. X. \V. 32; Milwaukee, N. W.
41 ; Nov. 29.2, Quebec, N.E. 57; Nov. 29.3, Quebec, N.E. 42.

No. 5.--Dec. 8.1, Quebec, N. E. 41 ; Dec. 8.2, Escanaba, N. W.
30; Dec. 8.3, Milwaukee, X. W. 30; Dec. 9.1, Milwaukee. N.
36; Dec. 9.2, Cape May, N. W. 36; Dec. 9.3, Philadelphia,
N. W. 36 ; Dec. 10.1, New York, N. W. 36.

No. 6.—Dec. 20.1, Quebec X'. E. 33 : Dec. 21.2, St. Louis, N. W.
38; Dec. 22.1, Cape May, X. W. 34.

No. 7.—Dec. 22.2, Breckenridge, N. W. 33; Fort Sully, X. 34;
Dec. 2. w>,N.W.
32; Grand Haven. X.W. 33; Dec. 23.3, Philadelphia, X. 32.

No. 8.—Dec. 26.1, Milwaukee, N. E. 30; Dec. 26.2, New London,
N. 32; Dec. 26.3, New York, N. W. 30; Dec. 27.1, Milwau-
kee, N. \V. • . .

< md Haven, N. W. 30.

No. 9.— 1873. Jan. 9. 1, Hreekenridije, X\W. 32 ; Fort Garrv, X.\V.
31; Pembina, X.W. 36; Jan. 9.2, Hreckenrid-e, X.W. 35.
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No. 10.—Jan. 12.3, Breckenridge, N. W. 40; Jan. 13.3, Kingston,
W. 22.

No. 11.—Jan. 15.1, Breckenridge, N. W. 35; Jan. 17.1, Cairo,

N. 38.

No. 12.—Jan. 27.2, Breckenridge, N. 40; Fort Sully, N. W. 32;
Jan. 28.2, Oswego, N. W. 28.

No. 13.—Jan. 30.1, Fort Sully, N. W. 34.

No. 14.—March 1.2, Fort Garry, N. W. 23; March 1.3, Brecken-

ridge, N. 25 ; March 2.1, Escanaba, N. 35; March 2.2, Esca-
naba, N. 32; March 3.2, Cape May, N. W. 32; Phil

N. W. 30; March 3.3, Cape May, N. W. 36; Phi:

N. W. 30; Washington, N. W. 32; March 4.1, Cape Mav!
N. W. 32 ; March 4.2, Cape May, N. W. 30.

No. 15.—March 24.2, Breckenridge, N. E. 30; March 24.3, Breck-
enridge, N. 30.

No. 16.—Dec. 1.1, Cape Rosier, N. W. 32.

No. 17.—Dec. 3.2, Yankton, N. W. 35; Dec. 3.3, Breckenridge,
N. 28; St. Louis, W. 43; Dec. 4.1, Grand Haven, W. 49;
Dec. 4.2, Milwaukee, N. 29.

No. 18.—Dec. 8.2, Yankton, N. W. 25 ; Dec. 10.1, Father Point,

N. 25 ;
Quebec, W. 54.

No. 19.—Dec. 18.2, Yankton, N. W. 26; Dec. 19.3, Cape May,
N. W. 24 ; Quebec, N. E. 31.

No. 20.—Dec. 28.2, Fort Sully, N. W. 28; Dec. 28.3, Brecken-
ridge, N. W. 29; Dec. 29.1, Grand Haven, N. W. 32; Dec.

Grand Haven, N. W. 28

;

. W. 28 ; Cape May, N.
W. 28.

No. 21.—1874, Jan. 4.3, Toronto, N. W. 32.

No. 22.—Jan. 12.3, Fort Sully, N. 34 ; Breckenridge, N. 28 ; Jan.

13.1, Fort Sully, N. 28; Jan. 14.2, Eastport, N. E. 40; Que-
bec, N. E. 43 ; Jan. 14.3, Father Point, N. E. 30; Cape Ros-
ier, N. E. 30; Jan. 15.1, Cape Rosier, N. E. 35; Jan. 15.3,

Cape May, N. W. 32.
No. 23.—Jan. 18.2, Yankton, N. W. 40; Jan. 19.1, Escanaba, N.

28; Jan. 19.3, Oswego, N. E. 28 ; Jan. 20.1, Eastport, N. E.

28 ; Jan. 20.2, Sydney, N. E. 29.

No. 24.—Jan. 23.2, Philadelphia, N. W. 32; Jan. 24.2, Erie, N.
W. 28; Saugeen, N. W. 34; Jan. 24.3, Albany, N. W. 31

;

Philadelphia, N. W. 30; Cape May, N. W. 38; Jan. 25.2,

Oswego, N. W. 28; Eastport, N. 28; Jan. 25.3, Eastport,
N. 28.

No. 25.—Jan. 28.1, Quebec, N. E. 47; Jan. 28 3, New York, N.
W. 28; Jan. 30.2, Toledo, N. E. 28.

No. 26.—Feb. 4.3, Montreal, N. 26; Feb. 5.1, Eastport, N. 28;
Feb. 5.2, Albany, W. 30.

No. 27.—Feb. 20.2, Fort Sully, N. 50; Breckenridge, N. 31;
Feb. 20.3, Fort Sullv, N. W. 30 ; Yankton, N. TV*. 26 ; Feb.

21.1, Yankr..n. V \\ J': F. '•, -J . I' •: -..: v. X. 3o ; Feb.

23.3, Albany, N. W~. 34; Feb. 24.1, Norfolk, N. 26.



16 E. Loomis— Observations of Hie U. S. Signal Service.

No. 28.—March 2_v_'. iMn.'n. X. W. 34; \

Grand Haven, N. W. 36 ; Milwaukee, N. W. 32 ; 'March 22.3,

Grand Haven, N. W. 31; Rochester, N. W. 34; Saugeen,
N. W. 38; Toronto, N. W. 31; March 23.1, Albany, N. W.
25; Oswego, N. W. 28; Rochester, N. W. 25; Saugeen, N.

W. 27; Toronto, N, W. 25; March 23.2, Albany, N. W. 34;
Oswego, N. W. 28; Toronto, N. W. 29; Montreal, N. W.
27 ; Cape Rosier, N. W. 25 ; March 23.3, Burlington, N. W.
40 ; Cape May, N. W. 26 ; Father Point, N. W. 48 ; March

port, N. 28; April 12.2, Cape Rosier, N. 30; April 12.3,

Cape Rosier, N. 32.

No. 30.—Sept. 16.2, Quebec, N. E. 22; Sept. 17.1, Quebec, N. E.

35; Sept. 17.2, Quebec, N. E. 35.

No. 31.—Oct. 9.2, Bistnark, N. W. 36; Fort Sully, N. 30; Pem-
bina, N. W. 28; Oct. 10.2, Grand Haven, N. W. 32; Oct.

10.3, Parry Sound, W. 37.

No. 32.—Oct. 28.1, Bismark, N. 34; Oct. 28.2, Cheyenne, N. W.
40; Oct. 28.3, Yankton, N. W. 34; Breckenridge, N. 32;
Oct. 29.2, Yankton, N. W. 28; Bismark, N. W. 37; Fort
Sully, N. W. 32; Oct. 29.3, Fort Sully, N. W. 28; Quebec,
N. 41 ; Oct. 30.1, Yankton, N.W. 28.

In column 6th of the table on pages 8, 9 and 10 is shown the

highest wind which preceded each of these areas of high barom-
eter. We see that these maximum velocities range from thirty

to fifty -seven miles, the average being thirty-nine miles per

hour. About two-thirds of all these violent winds were from
the northwest, and all but six were from some northern quar-

ter. These winds will be seen represented on Plate III.

The facts thus presented seem to confirm the conclusions

stated in my eighth paper, and also to warrant some additional

generalizations. We see that immediately after a center of low
pressure has passed, the wind generally sets in with considera-

ble force from a northern quarter. By the earth's rotation this

northerly wind is deflected to the right, and thus is maintained
a mechanical rarefaction of the air about the low center. The
westward deflection of this current of air produces a mechani-
cal condensation of the air on the western side, so that the same
cause contributes to produce an area of low barometer
east side and an area of high barometer on the west side, and
the greater the force of this northerly wind, the greater will be
the condensation of the air on the west side of the low area.

Thus areas of unusually high barometer are in part the effect of

the violent north winds which immediately precede them.

These north winds come from a region having a very low tern-

ire. so that the

pressure, and partly by
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winds push down with unusual force over Dakota and Minne-
sota, because during the winter months the coldest portion of

the American continent is near this meridian, and the contrast

between the temperature of Minnesota and that of the Gulf of

Mexico is greater than is found for an equal difference of lati-

tude east of the Mississippi.

These considerations do not explain the high barometer in

the case of No. 9, and in similar cases which frequently occur
in the Southern States ; nor do they explain the long continu-

ance which frequently characterizes these areas of high pres-

sure. No. 14 presents a case in which an area of high barome-
ter maintained itself for a week, with a very slow progress
towards the southeast, and during all this time the air was
blowing outward from the center of high pressure with a veloc-

ity of nearly ten miles per hour. This outward movement of

the air would have levelled down the area of high barometer in

a day or two, if the air thus drawn off had not been replaced
from some other source. In the case of April 12, 1874, the

outward movement of the air was nearly twenty miles per hour,

bigh area maintained itself for several days with but
little diminution while it moved slowly towards the southeast.

The supply of air requisite to maintain these areas of high pres-

sure appears to come from the air which ascends from areas of

low barometer ; and since in the middle latitudes of North
America the upper current is generally found moving from the

northwest, the supply of air which maintains an area of high
barometer, must come chiefly from an area of low barometer
situated on its west or northwest side.

This conclusion is confirmed by the observations on the direc-

tion of the upper clouds made by the observers of the United
States Signal Service, at the dates of the low barometer recorded
in my eighth paper. In each of these cases when there was a
well-defined area of high pressure on the east side of the area of

low pressure within the limits of the United States, I selected

all the eases in which the direction of the upper clouds was
recorded at stations intermediate between the centers of low
and high pressure. The results are given in the following
table in which column first shows the date of the observation

;

column second shows the station; column third shows the

direction of the surface wind, and column fourth shows the
direction of the upper clouds at the given date and station.

It will be seen that the surface winds were in all cases blow-
ing inward towards the low center, but inclined to the right

;

that is, they circulated arouud the low center, and at the same
time moved spirally inward. The upper clouds were in all

cases moving away from the low center and towards an area of
high pressure on the east or southeast side. The movement of
the upper clouds was sometimes directed almost exactly towards
Am. Jour. Sci.—Third Series, Vol. XVI, No. 91.—July, 1878.
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Direction of the upper clouds between areas of low and high pressure.

0.,. „.„,». W^jdo^l .ate. *».,„. ,,„,, C^s

1874.

Dec. 24.1 Breckenridge S.E. W. left. Feb. 11.2

Toledo £ w right

Jan. 29.2 Chicago S. w. Toledo E. w.
^tr"Feb. 6.2 Breckenridge S.W. x.w S.E.

Davenport S.W. X. Cincinnati S.E. S.W.
Sept. 2G. 1 Marquette S.E. Fort Gibson E. s.w. left.

S.E. ? =
Rochester S.E. =

Toledo S.E. s.w. Toledo E. =
S.E. s.w. left. Toronto S.W.' left.

Cincinnati S.E s.w 12.2 BrockviUe X.E. left.

Duluth s.w. left.

Washington
S.E X w.

Port Dover E, S.W. E.

Toledo S. left.

E. Albany left.

Washington S.E. N.
S.E. w. 6.2 s! x.w right

Louisville Memphis s.E s w.
Lynchburg SE. X.W right 6.3 Indianapolis S.E, s.w.

S. 16.2 s.E. s.w.
X.E. left. Toronto B. s.w.
S.E. xw right. Apr. 12,2 Cincinnati x.w.

[Indianapolis -.E. s.E.

S. E. right

i. right

Marquette s! W. left Marquette S.

1874. Memphis s.E. ..,_, t

Jan. 2.2 Breckenridge E. w. [left. E. w.
Leavenworth x.w

left.

St. Paul s.E. W. left.

Memphis S.E. s.w.

w. 12.3

Yankton
Leavenworth

8L&
s.E- S.W. left.

Pembina E. left 30^2 Alpena <E. X.W. left.

x.w pr May 8.2 Leavenworth S. N.V. =
Jan. 2.3 St. Paul <E. Port Dover N. =

s.E. St Paul
s.E. s.jv. left. E. BTW". left.

3.2 s. left. 9.1 Fort Garry X.E.
Vicksburg E. s. W. left St Paul W. 'left.

St. Paul s-.w

-

9.2 Fort Garry X.E. W. (left.

J. x.w St. Paul S. N.W. |

=
E. w. Cairo BJL S.W. left.

17.1 s.E. N w. left. S. left.

Feb. 11.2

Chicago
E. w. Fort Sully s.E. left.

X.E. s.W. left Keokuk
Davenport s.E. Memphis XE.

V-fr'S.E. s.E.

<E. X.W. • St Louis blr
Fort Gibson s.E. St Paul s.

Grand Haven <E w. :_- :
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the center of high pressure ; and such cases are designated by
the character = in column fifth of the table. Sometimes the
direction of the upper clouds was such as would carry them to

the right of the high center; and such cases are designated by
the term right in column fifth of the table. Generally, how-
ever, the direction of the upper clouds was such as would carry

them to the left of the high center. Such cases are designated

by the term left in column fifth of the table. We perceive

that the movement towards the left of the high center is more
than twice as frequent as towards the right ; that is, while the

movement of the upper clouds is from an area of low pressure

towards an area of high pressure, there is a tendency to circu-

late around the high center in the same direction in which the

surface winds circulate around a center of high pressure. Thus
we see that near the earth's surface there is a steady but circu-

itous movement of the air from an area of high barometer
towards an area of low barometer where the air ascends, and
thence by a retrograde movement it returns to some area of

high barometer (perhaps the same one from which it started),

where it descends to the surface of the earth and again repeats

the same or a similar movement.
A similar circulation of the air is indicated by the observa-

tions of temperature at Iceland when compared with observa-

tions in Central Europe.
In my fifth paper, page 7, I have shown that according to

observations of fifteen years, a temperature above the mean in

Iceland is generally accompanied by a temperature below the

mean in Central Europe, and the contrast is most decided dur-
ing the colder months of the year. I have recently received

the Journal of the Scottish Meteorological Society, vol. iii, N.
S., which furnishes the mean temperature of each month in

Iceland, from November, 1845, to December, 1871, a period of

twenty-six years, and I have compared the temperature of each
month with the average temperature of that month for the
entire period. In the Sitzungsberichte der Akademie der Wis-
senscbaften zu Wien, December, 1866, is given the mean tem-

perature of each month at Yienna, from 1775 to 1864, together
with the difference between the temperature of each month and
the mean temperature of that month as derived from observa-
tions of ninety years. The temperature of Vienna from 1865
to 1872, is given in Jelinek's Jahrbiicher fur Meteorologie, 1871,
page 189. Upon comparing the departures from the mean
temperature at Iceland and Vienna for these twenty-six years,

e result as had been previously

of fifteen years. The following
table shows the comparison for three' months, November,
December and January, for the entire period of forty-one years.

Column second for each month shows all the cases in which the
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temperature at Iceland was at least 2J degrees Fahrenheit (01

degree Reaumur) above the mean, and the year is shown
column first. Column third shows how much the temperatu

at Vienna for the same month was above or below the mea

Temperature of Iceland and Vienna cc mpared.

November. December. JANTTARY.

,,!..:,.!. V.H,,,. (Iceland. Vienna. Vienna.

]S2T .---} -7°-l 1826 ~2- 6 4- 4^3 1*23 + 4-°l -10°-2

32 2-7 28 4-5

3 a 3-6 29 29 2-3 - 37

s 2-9 -*i 34

3'2 - 0-3

- 3-1

30

33 34
-11-9

- 4-0

48

58 2-5 50 5-5 + 0.9

64 4-3 51 5 3 - 3-6

3-5 5-2 - s-4 62
2-7 ^

s 1 :H r,J

2-9
Mea:, -3-7

+ 0-4

551 2-3

"li'-i
-

MPA _~1 4 ~4''

1827 5-1 _7-! ||
Mean

|

+4-2 -2'3

32 -2-7 31 || 1829 1 +4-1
8-0

jj
32 1

-0-6 29
3-8 35

j

+2-9 30 11-9

46
|

+0-9
49 _n-2 49
61 -29 45 63 - .V2 6-4 47

53 + 1-2 2-5 10-s

56 ~53
;ii

2-7 I-

:B
«

70 1
+2-1

71

M m 4 1-9 -4-8 Mean
i

+2-0 -6-4 Mw-.i. - 3 -61

1

i that for the years here d, the average tem-
perature of Iceland in November was 3*7 degrees (Fahrenheit)
above the mean, while that of Vienna was 34 degrees below the

mean ; and for the three months compared, the temperature of

Iceland was 4-1 degrees above the mean, while that of Vienna
for the same months was 3*5 degrees below the mean. Now if the

temperature of Vienna were independent of the causes which
affect the temperature at Iceland, the average departure from the

mean temperature at Vienna for the months in question should
be zero, instead of which we find the value 3*5 degrees.

In the lower half of the table, column third contains all the

cases in which the temperature at Vienna was at least 2£
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degrees (Fahrenheit) below the mean, and column second shows
how much the temperature at Iceland was above or below the
mean for the same months. It will be seen that for the years
here named, the average temperature at Vienna in November
was 4-8 degrees below the mean, while that of Iceland was 1-9

degrees above the mean ; and for the three months compared,
the temperature at Vienna was 60 degrees below the mean,
while that of Iceland was 2*3 degrees above the mean. If the
temperature at Iceland were independent of the causes which
affect the temperature at Vienna, the average departure from
the mean temperature at Iceland for the months in question
should be zero, instead of which we find the value 2-3 degrees.

Considering that these are the average results derived from
forty-one years of observations, I think it is established that

when the temperature of Iceland during the colder months of

the year is much above the mean, the temperature at Vienna is

generally depressed below the mean.
It will be noticed that exceptions to this rule do occasionally

occur. Thus in December, 1826, '28 and '34, and in Novem-
ber, 1870, the temperature was unusually high both at Iceland
and Vienna ; also in November, 1847, and December, 1859, the
temperature was unusually low both at Iceland and Vienna.
In December, 1826 and '28, the temperature was above the
mean over nearly the whole of Europe, but in Sicily it was
somewhat below the mean. In December, 1834, the tempera-
ture was considerably below the mean in Switzerland and
Northern Italy ; and in November, 1870. the temperature was
below the mean in England. In November, 1847, although
the temperature was below the mean both at Iceland and
Vienna, it was very much above the mean at St. Petersburgh,

ughoat a considerable portion of Northern Europe.
In December, 1859, the depression of temperature was widely
extended, but I have not been able to determine whether it

reached to all parts of Europe.
The preceding facts seem to confirm the conclusions which I

stated in my fifth paper, that an area of low barometer in Ice-

land, is usually accompanied by an area of high barometer in

Southern or Southeastern Europe, and that during the colder
mouths of the year, Vienna is generally near the center of this

high area. I infer also that this area of high pressure is replen-
ished by air which rises from the area of low pressure. This

ascends near Iceland travels as an upper current

be southeast, and hence the average direction of the

rent in Europe during the winter months is from
about N. 52° W. to S. 52° E.

In preparing the materials for this article I have been
Mr. Henry A. Hazen, a graduate of Dartmouth Col-

lege, of the class of i871.
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Art. II.—On Acoustic Repulsion; by V. DvohIk.

Annalen der Physik und Chemie, Band III, No. 3. Dated
Agram, 19th November, 1877. With a note by Alfred M. Mayer.)

(1.) Acoustic repulsion of resonators which are open at one

end only.—In a previous article "On Acoustic Attrac

Kepulsion," I have conclusively proved by theoretic considera-

tions as well as by experiments, that the average pressure at

the node in a column of air vibrating in stationary waves can-

not be equal to zero as long as the amplitude of vibration is

not infinitely small.

In a resonator, open at one end, as for example a cylinder,

we find a node at the closed end. In the interior of the cylin-

der near its closed end there exists a greater pressure than on
the outer surface of this end which is touched by the outside

air, as can be easily shown by means of a sensitive manometer.
To obtain resonance the opening of the cylinder is turned

toward the source of the sound, and the cylinder is then
repelled by the excess of pressure within. Eesonators not

having a cylindrical form, but open at one end, are also subject

to such repulsion. In my previous communication I have indi-

cated means for observing the acoustic repulsioi

As the method described there is not very sensitive, I have
replaced it by the following. The resonators here employed
are usually made of stiff drawing paper covered with gum
Arabic ancl have the shape of the cylinder with a little paper

tube hf, at one e id ; fig. 1, A. This little tube may also be
omitted as in fig. L, B ; in that case the resonator is tuned by

drical tube open
nishing the little opening, fg. Evenacyliu-
at one end, fig. 1, C, may serve our purpose
spherical resonators of glass, fig. 1, D, which

a practiced glass-b lower can make as light as paper resonators,

le note of the resonators is determined byare excellent. T
gently blowing over the opening or by tapping.
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fastened with sealing wax to the end of a
light wooden rod, the other extremity of which is provided
with a counterpoise of lead 0, fig. 2. The center of the rod
has a glass cap, H, which rests on a needle point.

The best source of sound is a resonant box of a tuning fork,

fig. 2. The repulsion is so great that it is apparent even with
an ordinary brass Helmholtz resonator, weighing, with the lead
counterpoise, 142 grams.* With every tuning fork we must first

ascertain whether the air in the resonating box vibrates with suf-

ficient energy, because this is not always the case even with accu-
rately tuned boxes. As the elasticity of the different boards
which form the elastic system of the box is not equal, their

vibrations may hinder the formation of the node at the bottom
of the box ; in this case the air on the bottom of the box will

vibrate but feebly. We can easily ascertain this fact by accu-
rately tuning the box to the note of the fork and then observing
whether the note is considerably weakened by partially cover-
ing the opening. If it is not, then the air in the box has but
little vibration even if the tone of the fork is powerful. I have,
for example, two boxes with excellent tuning forks by Konig
(of 256 vibrations per second), in which the air would in nowise
vibrate powerfully. The strength of the vibration of the air

was considerably affected by the degree of tightness with which
the fork was screwed to the top of the box. The fork is

always vibrated powerfully with a bow, and two bits of rubber
tubing must be on the bottom of the box. I generally use the
fork A

3 , of 435 vibrations per second, by Konig. Repulsion
is then plainly visible with glass resonator at a distance of ten
centimeters from the opening of the box. With a large C fork
of Konig (of 128 vibrations) which sounds for more than ten
minutes, it was apparent at a distance of twenty centimeters.
The resonators may be tested either by the reinforcement of
sound produced with a tuning-fork, or by the weakening

of the sound on approaching them to the opening of the box.f
It is not possible to obtain the repulsion of resonators fr

prongs of a tuning fork alone, as their aerial vibrations
weak. (Compare Pogg., civil, p. 42). I formerly tried ii

obtain acoustic repulsion from vibrating bodies without the aid
of resonance. I suspended small resonators before the end of

ibe vibrating longitudinally and provided with a cork
to increase the vibrating surface. The open end of the resona-
tor was probably too near the end of the fork, and so produced
a lowering of the tone and acoustic attraction instead of repul-
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sion. Attraction is probably present in all cases and can assert

itself only when not counteracted by greater repulsion.* Later

I obtained repulsion very easily in a longitudinally vibrating

glass tube 127 centimeters long and 27 millimeters in diameter,

on the end of which was a cork 46 millimeters in diameter.

One of the resonators used was spherical, fig. 1, B, and another

cylindrical, C.

I also obtained powerful repulsion with a circular disk 31

centimeters in diameter and 2 millimeters thick, made by
Konig. The plate was fastened in the center in a vertical posi-

tion and made to vibrate in six segments, producing a note of

208 vibrations. The resonator was made of stiff paper of the

form of B, fig. 1 ; a b equal 80 millimeters, c d 140 milli-

meters, f g, equal 17 millimeters, and its opening was placed

in front of the center of a vibrating segment, or ventre.

(2.) The Acoustic Mill—A continuous rotation is easily

obtained on the principle of the acoustic repulsion of resonators

by fastening four very light paper or glass resonators upon
two wooden rods, o, p ; r, q, fig. 3, crossing at right angles,

and balanced on a glass cap. All the openings of the resonators

fronting one side in the direction of tangents. The whole

apparatus is placed before the opening K of the resonating box
and fork, in the manner indicated in fig. 3. The open end a of

a resonator, 1, is repelled from
K ; the closed end B of resona-

tor 2, is attracted, but in gene-

ral this attraction does not in-

crease the rapidity of rotation,

because it counteracts rotation

the moment the resonator, 2,

has changed its position about
_ 45°. It is therefore not possi-

ble to obtain continuous rota-

tion by means of acoustic attraction, as I have shown by nume-
rous experiments.-)- The resonator, 1, continues to move by
reason of its inertia and resonator 2 takes its place, being in

turn repelled, and so on.

A very rapid rotation is obtained by using a large Kundt's
tube and placing a small acoustic mill before its open end.

The glass tube (Kundt's) which vibrates longitudinally and
produces the tone, is fastened to a heavy table, and protrudes

* These experiments were also described in a previous communication. In the

apparatus represented, fig. 2, repulsion is easily converted into attraction by
the opening of the resonator with wax, and so throwing it out of

f Instead of the resonators, fig. 3, I used vertical paper vanes, varying the

curvature without achieving any results, notwithstanding the fact that there was

Afe^



only a short distance through the cork

m end
e lengi

millir

the half wave length of its note, ^-, equals ten and one-half

centimeters. The length of the tube was 45 centimeters, the
length of the vibrating column of air, corrected for the open

end, was 3-x- + -j ; the inner diameter was five centimeters.

The Acoustic Torsion Balance.—If we hang by a wire a
sn rod provided with a resonator, like the beam of a

Coulomb's torsion-balance, in a case having an opening in the
side turned toward the resonator, we can compare the intensity
of notes having an equal number of vibrations by means of the
repulsion of the resonator ; but further experiments are neces-
sary to test the practicability of this method. The sound pro-

ceeded from an open pipe, having the note A (of 435 vibra-

tions). To prevent the current of air which passes through
the pipe from striking the resonator attached to the balance,
we must cut the pipe exactly in the middle of its node, and
insert a slack membrane softened with glycerine. To prevent
the air, issuing from the mouth of the pipe, from impinging on
the resonator, a broad box is used which surrounds the mouth of
the pipe air-tight. This box is open on the side opposite the

resonator so as not to impair the tone. The pipe is sounded
by means of a Konig's acoustic bellows with a uniform blast of
air. The distance of the resonator from the mouth of the pipe
must be at least two or three centimeters, to avoid a change of

pitch.

(4.) Production of aerial currents by Sound.—It may easily be
proved by simple theoretic considerations that the mean pres-

sure at the node of a column of air is greater than at its ventre,

and that it steadily diminishes in passing from the node to the
ventre, provided that the amplitude of vibration is not infinitely

It would seem that this difference of pressure would be neu-
tralized by the passage of the air from the node to the ventre.

There would then be produced a mean pressure in the whole
column, which would be greater, however, than that of air at

rest Consequently air would issue from the opening of the
vessel in which it forms stationary waves. I have not suc-

ceeded so far in making the whole process clear, for in reality

uo perfect balance of pressure takes place. The manometer
always shows a slight excess of pressure even at the ventre,
but this excess increases as we pass to the node. All my pre-

vious experiments indicate
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s ventres, at least in Kundt's tube, in

vj powerful. This principal current

lasts as long as tbe air vibrates. Besides, the same experiments
show a continuous secondary current, close to the walls of tbe

tube and in a direction contrary to that of the principal current,

so that the whole air in the tube is in circulation. The cross

section of the principal current is nearly as great as that of the

tube, while that of the secondary current is a very narrow ring.

The excess of pressure as shown by a manometer at the

node is always less than the theoretical pressure, because in the

latter the air is not supposed to move from the node and to

equalize the pressure. Of course the excess of pressure at the

ventre is not equal to zero, as theory requires. Probably the

friction of the walls has much to do with these phenomena.
It may be expected from what has been said that the air will

issue from the vessel in which it vibrates in stationary waves.

The manometer shows in the first place that the excess of pres-

sure is not equal to zero in tbe plane of the opening of a reso-

nator because a portion of the air immediately in front of this

opening partakes of this stationary wave motion, and because
there is always a small excess of pressure even in the ventre of a

stationary wave. There is no doubt that a partial equalization of

pressure takes place at the opening ; experiments show, further-

more, that there is a continuous exit of air which, as in Kundt's
tube, is probably neutralized by a secondary and contrary cur-

; of the air can easily be proved, as follows : a spher-

ical glass resonator is placed before the resonant base of a tun-

ing fork, the resonator is filled with tobacco smoke, strong

vibrations are given to the fork, when the smoke will be seen

to rush from the resonator.

The current of air proceeding from a resonator is well shown
by means of a Chladni plate, by means of lycopodium, which
accumulates upon the ventres in little heaps when the plate is

sounded. If now we place the opening of a bottle, or bottles

of a resonator, B. over such a heap, the lycopodium is

immediately blown about in a circle and may be scattered in

ion by giving suitable inclinations to the resonator.

A glass plate held over a heap of lycopodium produces the
opposite effect by causing it to contract.

I have succeeded in producing comparatively strong currents

of air in still another manner, but I have not yet found an
explanation of these complicated phenomena.
A cone made of stiff paper was held with its large end oppo-

site the opening of a large Kundt's tube. The size of this cone

may va^, but its effect is greatest when it vibrates to the

same note as the Kundt's tube, and so forms s
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t both ends

;

nd seven millimeters

When the Kundt's i

ir issues from the na

aat it easily blows 01

f twenty centimeters,

ith a peculiar noise i

27

open ends are thirty-seven

nd its length ninety millimeters,

be begins to sound loudly a current of

•ow end of the cone with such violence
i of the flame of a candle at a distance

This current rushes through the cone
d is easily felt with the finger.

The cone may be replaced by
' - a cylinder having the width of

the Kundt's tube, open "at the

end turned toward the latter,

K and closed all but a small hole

at the end, but the current is

much weaker, nevertheless it

will move a small wheel with

vertical paper vanes, fig. 4.

In the experiments with the

tuning forks, it is essential that

the cone should vibrate to the

same note as the fork, otherwise

veak. For
the fork A (of 485 vibrations),

the openings of the cone have

meters, and the length 373 milli-

meters. The opening at the apex of the cone i

obtain an appreciable c

On conclusion of this investigation, Dr. R Koni-
communicated to me that Mr. Alfred Mayer in New York
[Hoboken] had previously succeeded in producing continuous
rotation by means of sound. The communication was as
follows: "Professor A. M. Mayer showed me a very similar

experiment last summer (187«). He suspended 'by a thread
two large well-tuned flasks attached to a rod, and caused the
whole ,:;, ; to revolve by of a tuning it

aad previously (informed him in consequence that
;

strated the phenomena of repulsior
not acquainted with your paper* on acoustic attra

repulsion."

Note by Pkofessor Alfred M. Mayer.—My c

with the discovery of the Sound-Mill is as follows:
In January, 1876, I made the discovery—first re

theoretic deductions—that there was more pressui
inner surface of the bottom of a resoun di

the outer surface of the bottom which touches the
I subsequently proved the truth of this conclusion t
ments on suspended resonators and by observatiot

* Read before the R. Acad. ScL Vienna in 1875.

tched bv
: on the
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first publication of these results was on May 22d, 1876, on
which day I read a paper on this discovery before the New
York Academy of Sciences, and exhibited before the members
an apparatus formed of two + arms of light wood, with a

resonator attached to each arm, as in fig. 3 of Professor

Dvorak's paper. On sounding an organ-pipe,
'

, in tune with "'these resonators, they were
successively repelled from the pipe, or fork, and a continuous

rotation was exhibited. At the same meeting this experiment
was preceded by those on the motions of silica powder, etc.,

On the 8th of July, 1876, there appeared in the S

American a report o! this meeting of the Academy, in which
my experiments in Acoustic Eepulsion are thus referred to

:

"In the next place, Professor Mayer exhibited an apparatus

constructed by him to produce motion by means of sound
pulses. Four glass resonators on cross arms were suspended

by means of a string. On sounding an organ-pipe in tune

with the resonators, and bringing it opposite the mouth of one

of them, the resonator was repelled and the apparatus com-
menced to rotate. This experiment was the more striking

from the fact that, so far from any current of air proceeding

out of the mouth of the organ-pipe, the air is actually sucked
in, as may be rendered visible by means of smoke from a

cigar. The smoke is carried up the pipe even when the latter

is closed at the top with cotton wool so as to smother the

sound. On substituting disks of cardboard for the resonators,

they were drawn up to the mouth of the organ-pipe with con-

siderable force. When fine silica powder was placed in the

resonators, it was thrown into violent motion on sounding the

I'M-
In same month, July, 1876, Dr. Rudolph Kdnig \

exhibited the same experiments before him.

The discovery of the acoustic repulsi

the invention of the sound-mill were made independently by
Professor Dvorak and myself. It is another instance of men

—

even so far distant as Agram and Hoboken—led into the same
path of research by the natural growth of science.

nterpoise, was 70 £,

(2) Fork A, 435 (vibrations per second). (a.) The glass

represented in fig. 2, and to
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show the current of air bv means of smoke, was of the form D,
fig. 1. a 6, equalled 58, hf 22

; fg 10. (b.) The glass resona-

tors of the acoustic mill were of the form D. a b equals 34 ; hf
12 ; / g 3. The length of the arms from the middle of the

" Idle of the

The weight of the whole wheel was 23 grams, (c.) Paper reso-

nators of the acoustic mill, fig. 3, were of the form A, fig. 1.

a b equals 34; cd 50; hf6;fgd millimeters. The length of

the arms was 65 ; the weight of the whole wheel 9 grams.

(3.) Kundt's tube, | equals 105 millimeters. The glass reso-

nators of the acoustic mill were of the form D, fig. 1. ab equals

24 ; A/2
; fg 7 ; length of the arms 30 millimeters.

It is a striking fact that very small resonators may give a
very deep note; with fork A, I used a glass resonator of the
form D, fig. 1, in which a b equals 24; A/14; and/>, 1 milli-

meter. The volume was about ninety times less than that of
the resonant box of the fork, to whose note the resor

tuned. Notwithstanding its smallness it showed
repulsion.

In casting bars of pure gold for the manufacture of foil,

traces of crystallization may often be observed upon their

upper surfaces, and sometimes distinct crystalline forms. These
are generally simple triangular faces slightly raised, very similar

in appearance to specimens sometimes found in nature. Occa-
sionally several faces of the octahedron may be seen, the edge
in some instances being half an inch in length, and quite sharp
and well defined. The purer the gold is, the more likely the

crystals are to form, and they are oftenest seen when the bars

are cast from that which has been previously crystallized by
the battery process described below. The presence of a very
small amount of copper seems to prevent it entirely, and the
surface of the bar is quite smooth. It is perhaps worthy of

notice that the forms observed are always triangular and never
hexagonal, as is so frequently the case with natural crystals of

gold. They do not seem to be distorted or flattened at all.

Neither do the deudritic forms so common in nature and now
quite easily obtained artificially, appear on the surface of the
bars.

The precipitation of gold from solution by the aid of a
battery is a well known process in the" common operation of
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electro -gilding, but to deposit it in the crystalline form is a

process of comparatively recent date, having been patented in

1860, as a method of preparing gold for dental purposes. The
process is briefly as follows. A solution of chloride of gold

and ammonium is placed in a shallow dish coated with heavy
gold foil, which is connected with the zinc plate of a large

Daniells' battery. Near the top of the solution and connected

with the copper plate of the battery, a roll made up of thin

strips of pure gold is suspended, enclosed in a muslin bag.

The strength of the battery current is controlled by a coil of

wire arranged as a rheostat, a clamp terminating one of the

battery wires enabling the operator to include a greater or less

number of coils in the circuit. The necessary conditions being

fulfilled, on completing the circuit the gold is gradually dis-

solved from the roll and deposited on the bottom of the dish

shows one of these crystals magnified one hundred
and fifty diameters. At first sight this appears to be
like certain natural crystals occasionally found, and
the arborescent forms of other isometric minerals.

But all such crystals that I have seen have in van;:. I >Iy

the angle of 60° between the side ribs and the midrib,

making an angle of 120° between the two sets of ribs.

Gold, silver and copper all show this characteristic,

which is particularly well illustrated in the crystals

described by Professor Vom Eath in the last volume
of Groth's Zeitschrift fur Krystallographie. It is

quite difficult in the case of these artificial crystals to

their angles, because the midrib is usually more or less

urved, and the whole form presents great irregularities. It

can only be done approximately for a single

crystal, but by making a large number of
measurements this difficulty may be in part

overcome. The figure above shows a crystal

much like the natural ones, the angle on the

left of the midrib being about 59° and on the

other side 61°. This is an unusually regular

one, though 1 have noticed one still more so,

the angles of which measure respectively 60°

36' and 62° 6'. Fig. 2 represents a crystal

such as is most often seen, where the angle
on one side is 41° and on the other 79°. The
average of fifty measurements of these crys-

tals taken at random is on one side 44° 38'

and on the other 75° 47'. Nineteen measurements made at

another time made the two angles 42° 18' and 78° 24'. The
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tallest angle noticed was 30° 36'. The following table c

il consecutive measurements shows how wide the var

the last column giving the total angle between the i

38° 0' 81° 6' 119° 6'

49° 42' 69° 54' 119° 36'

It is noticeable that the same angles are carried out in each
crystal, no matter how many branches it may have, and the

crystal shown in fig. 2 was selected to illustrate this fact.

I have been quite surprised that no trace of faces is to be
observed upon these crystals, as is always the case with natural

ones. The latter are seen under a low power to be made up of

strings of distorted isometric crystals which are often so dis-

tinct that they can be measured. The artificial ones do not

show this structure, and when magnified to 300 diameters only
show a slightly beaded look along the side ribs, but nothing that

can be considered distinct crystalline forms. With the power
mentioned the whole surface of each crystal is in focus at once,

showing that the different sets of ribs are in the same plane.

Fig. 2, with all its branches, was drawn complete without alter-

ing the focus of the instrument. Where one crystal lies upon
another, when examined under a power of 150 diameters, both
are in focus at once, showing that they are exceed
and lie perfectly flat. The power above mentioned, 300 diame-
ters, is the highest with which I have examined them. Possi-

bly with a higher power they might be resolved, and show
what is their crystalline form. That they are isometric there

<

If a film of amalgam is allowed to form on the surface of a
piece of pure gold, and the mercury be then driven off by
heat, traces of crystallization may sometimes be observed, a
network of indistinct crystals remaining. To accomplish this

the gold should be perfectly pure, and the heat applied very
gently at first. With the greatest pains, however, the result is

S, or even often, satisfactory. The surface is gener-
ally left in an amorphous condition, or at best covered with
angular depressions. Very rarely, and under conditions not
fully understood, the crystallization is distinct enough to be

;

. as such. But distinct though minute cr

gold amalgam may easily be obtained if the mercury is dis-

solved out with dilute nitric acid, instead of being driven off by
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heat.
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<n>

\J7

a number of these crystals

proves them to belong to the hexagonal system,

having in general the form shown in fig. 3.

The average of forty-eight measurements of the

prismatic angle is 119° 53', the six angles of the

most perfect one found measuring as follows

:

120° 30', 121° 6', 119° 12', 119° 6', 120° 36'

and 120° 12'. The angle O a 1 has been

approximately determined to be about 136°,

the roughness of the crystals rendering exact

measurement extremely difficult. The pyra-

midal planes are sometimes entirely wanting, the

crystal having only a basal termination. The
base is often hollow, in one crystal presenting

the appearance shown in fig. 4, the whole base

being gone. The sides and bottom of this

depression are quite rough, and show no attempt

at regularity. Another termination is shown in

fig. 5, where part of the base still remains. Fig.

3 was drawn under a power of 300 diameters,

the general shape being retained, but the irregu-

larities taken away. It is about 0-5 mm. in length and 0*06 mm.
in diameter. The gold used in preparing these crystals should

4, be pure and in a finely divided condi-

y^ A ^on ' •"• Pre^er g°ld precipitated from

/ JHH^.^flH^X solution by ferrous sulphate, washed

-^BB-'^^^^^F/ w^ dilute chlorohydric acid and then

\^^R?'Zir]^^w/ ^h water and dried. This should be

\ jHR^S^Hw/ treated with about twelve parts of mer-V V
cury and well triturated in a mortar.

The amalgam must then be heated to about 130° C, kept at

that temperature for about five minutes, and then allowed to

cool gradually. After this it should remain at

rest for twelve hours or more. The amalgam,
which should be quite fluid, is now to be

digested in nitric acid, first of 1*2 sp. gr.,

and after of 1*4, heating very gently at the

beginning, but toward the close of the ope-

ration raising it to boiling. The mass left

undissolved consists of minute crystals re-

sembling gold in color, but a little darker

and having a greenish, tinge. They are quite brittle and break
with a slight touch. They contain about six per cent of mer-

curv, which may be driven off without injuring the crystals by
heating them for a short time to a dull red. The mass will then

take the color of pure gold, becoming somewhat spongy, and

lose entirely its brittle character. This process was patented

in 1853, and used for some time in the preparation of gold for

filling teeth, makin- what was called sponge or crystal gold.
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Art. IV.—On a new and remarkable mineral locality in Fairfield

County, Connecticut; with a description of several new species

occurring there; by George J. Brush and Edward S.

Dana. First Paper.

Historical Note.

The new locality of manganesian phosphates, which we
shall describe in this and following papers, is situated near the
village of Branehville, in the town of Bedding, Fairfield County,
Connecticut. Its remarkable character will be evident from the

statement that we have thus far discovered, among the material

which we have obtained from there, no less than six new and
well defined species, besides many other known species of more

The locality was first opened some two years since by Mr.
A. N. Fillow, upon whose land it is situated, and who made
considerable excavations in the search for mica of commercial
value. Only a limited quantity of this was obtained, so that

the work was finally discontinued and the opening filled up

;

by which means the ledge was buried under six to eight feet of

soil. With most commendable thoughtfulness, however, he
laid aside and preserved a large number of specimens which
seemed to him to be of some interest. In the latter part of the

summer of 1877, Prof. Dana visited the region and his atten-

tion was called by Mr. Fillow to the collection of minerals

mentioned, and by him several specimens were brought to New
Haven. Later, Rev. John Dickinson of Redding, the adjoining

village, happened to visit the locality and obtained a considera-

ble amount of the minerals, some of which he sent to New
Haven for determination. It was not, however, until the early

spring of the present year that we were able personally to visit

the locality. Appreciating then the unusual interest con-

nected with it, we immediately made arrangements with Mr.
Fillow to uncover the ledge and to go forward with the explo-
ration as thoroughly as possible. We have now pushed the
matter as far as is practicable for the present, but later in the
season we hope to accomplish more. The result of our work
has been to place in our hands a large amount of material, in

the examination of which we are at present engaged, and we
are now ready to make public* a portion of the results. In

i the material we have personally obtained, we have,
through the liberality of Mr. Dickinson, come into the posses-

sion of a large number of additional specimens collected by

preceding \

(by mistake printed Uthiolite) wei

. Sci.—Third Series, Vol. XVI,
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himself before our first visits to Branchville. These have
been of the greatest service to us in the study of the species

occurring at the locality, and we would here express our great

appreciation of his generosity. We would also mention our
obligations to Mr. Fillow and his brother, who have been most
careful in obtaining the best results possible in the explorations

of which they have taken charge.

Brief general description.

All the minerals which we have obtained are from a single

vein of albitic granite, and the line along which the explora-

tions have been carried does not exceed twenty feet. The
general description of the vein and of the minerals which com-
pose it—with the exception of the manganesian phosphates
and the immediately associated species—we reserve for a later

paper ; we will mention, however, that outside of these we
have identified the following species :

—

Albite, quartz, microcline in large masses, a hydro-mica near
damourite having a peculiar concentric spherical structure,

spodumene in crystals weighing one to two hundred pounds,
cymatolite as a result of the decomposition of spodi

"th, a '"crystals, sometimes nine inches in width, apatite, microlite (sp.

columbite (sp. gr.=5'6), apatite, garnet, tourmaline and
r..iir,

The manganesian phosphates and related minerals occur in

nests imbedded in the albite. A single deposit yielded almost
all the material obtained, it being probable that what came out
as the result of our work was a part of the same body of mine-
rals which Mr. Fillow had blasted into two years before. A
second deposit will be mentioned later as having furnished the
lithiophilite.

The minerals which form the mass of the first mentioned
bed are :—Eosphorite, dickinsonite, triploidite and rhodochro-
site. Of these, the first three are new and are described at

length in this paper. These four minerals, together with
quartz, occur associated in the most intimate manner possible,

it being not at all unusual to find all of them in a single hand
tien. This is especially true of the three new minerals

:

isphorite is often found in crystals entirely imbedded in

the dickinsonite, and again the finely disseminated plates of

dickinsonite give a green color to much of the massive
eosphorite. Quartz is also contained in much of the massive
eosphorite, thus giving it a very anomalous appearance ; it also

forms the mass in which the triploidite crystals are imbed-
ded—both these points are spoken of more particularly later.

Quartz is also often associated with the rhodochrosite, that

mineral being disseminated in crystalline grains through the

the *.-.
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in which occasional brilliant cubes of pyrite are also

als, as original constituents of

in thin layers and crystals, besides other species,

which as yet, owing to lack of sufficient material for examina-
tion, we have been unable to determine.

Furthermore, there are a variety of alteration products : each
one of the manganesian phosphates yields on alteration a black
or purple phosphate of manganese and iron sesquioxides, and
the rhodochrosite gives a pseudomorph of hydrated oxides.

The second smaller nest discovered consisted almost exclu-
sively of lithiophilite. Of the previously mentioned minerals
rhodochrosite is the only one we have observed with it, and that

occurs very sparingly. In addition, however, a peculiar green
manganiferous apatite, spodumene and cymatolite are in

lithia, found with the first deposit it is probable that lithiophilil

or some other similar mineral of the triphy
1 "

of the original constituents of that mass,
covery of lithia in the black product of decomposition, and its ab
sence in eosphorite, triploidite and dickinsonite, which led us tr

make further search for the source of this alkali. Fortunately,
in the deepest part of our expl
small nest which afforded us
We wish herewe wish here to express our great obligations to Messrs.

Samuel L. Penfield and Horace L. Wells of the Sheffield Labo-
ratory, for the excellent analyses which their enthusiastic devo-
tion to the work has enabled us to present in this paper. The
carrying through of these analyses has involved in many cases

r-ati

1. EoSPHOBITE.

General physical characters.—Eosphorite occurs in prismatic
crystals, sometimes of considerable size, which belong to the
ortkorkomhic system. They show a nearly perfect macrodiagonal
cleavage. It also and more commonly occurs massive, some
specimens showing the cleavage finely, but gradual
others which are closely compact The hardness is 5. For the
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specific gravity, three perfectly pure rose-colored specimens

gave 3124, 3134 and 3145; mean 3134. The luster of crys-

tallized specimens is vitreous to sub-resinous, upon cleavage

surfaces exceedingly brilliant ; of the massive mineral often

greasy. The color of the crystals is pink, some having the

bright shade common in rose-quartz, while others are paler and
have a yellow to gray hue ; the smallest crystals are nearly

colorless. The massive compact mineral is pale pink, also

grayish-, bluish-, and yellowish -white, and white. Some vari-

eties closely resemble in color and luster green elaaolite ; the

green color, however, is shown by the examination of thin sec-

tions under the microscope to be due to finely-disseminated

scales of dickinsonite. Some varieties again are rendered

impure by the presence of quartz through the mass, and they

then have a whitish color and granular texture ; this subject

is expanded in a later paragraph.

The mineral is transparent to translucent. The streak is

nearly white, and the fracture uneven to subconchoidal.
Description of crystals.—Specimens of crystallized eospborite

are rare. The most of those obtained seem to have come from
a single cavity, the crystals standing free, and projecting to some
length. Again they are found completely imbedded, as, for in-

stance, in dickinsonite. These crystals are in general small ; but
occasionally imperfect crystals of a considerable size are met
with, one of these exposes a width of about an inch, and is two
inches long ; in another, a single plane has a width of nearly

two inches. The planes are seldom well polished, and only in

rare cases are exact measurements obtainable. This is due in

part to the fact that the surfaces of the crystals are often coated

with drusy quartz, and again with minute crystals of apatite,

and also because the prismatic planes almost always, and the

pyramidal planes very commonly, are finely striated. This
striatum of tin prist it planes s i marked 'eharaeteri^ii and

gives rise to rounded barrel-shaped crystals analogous to those

observed of tourmaline and many other species.
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The crystals are invariably prismatic in habit, and show but
one terminated extremity ; in this respect they differ from the
ordinary childrenite of Tavistock, to which it will be shown
they are closely related. The general form is shown in fig. 1.

The crystallographic measurements and also the optical exam-
ination prove that the crystals belong to the orthorhombic

The fundamental angles were obtained from measurements
on a small crystal whose pyramidal planes gave excellent reflec-

tions. The mean of a considerable number of readings, whose
extremes differed by only 1^', was taken in each case. A
goniometer provided with two telescopes was always employed.

These angles* are as follows :

—

p~p" otIII * 111= 61° i ' 54"

From these the follow! >tained:

—

The observed pla

The following is a list of the most important angles both
calculated and measured, so far as the last have any value.

The angles obtained from the prismatic planes in general, and
conspicuously the macropinacoid a (100) were in most cases

entirely unreliable.

/./ 110. HO = 75° 41'' 75° 36''

i, that is, the anglea between the normals of the planes,

t In making the shorter lateral axis a, and giving the symbol 1 00 to the macro-
pmacoid, and 010 to the brachypinacoid. we follow Groth's Zeitsehrift fur Krye-
tallographie. With Miller (whose method is adopted in Dana's Text-Book of
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^ 111 = 49° 59'

Eosphorite is in crystalline form closely homoeomorphous
with childrenite. Fig. 2 represents the common form of the

childrenite from Hebron, Maine,* as we have found from an

of the specimens in New Haven. The crystals

terminated at both extremities as here repre-

sented. It is placed in such a position as to correspond with

the eosphorite, the pyramid s being identical in the two, as are

also the prisms. Fig. 3 shows a common form of the Tavistock
crystals ; other crystals have the plane b present and resemble
fig. 2 more closely in habit. The angles given below show the

close relation in form between childrenite and eosphorite.

/ ../

In order to bring the crystals of childrenite into this posi-

tion the clinodome (2-?, or n of Miller) is made the unit prism.

Optical properties.—A careful examination in the stauroscope

proved that the three axes of elasticity coincide with the crys-

talline axes, showing that the crystals are really orthorhombic.
The optic axes lie in the macrodiagonal section, or plane of

cleavage, the acute bisectrix (first mean-line) being normal to

the brachypinacoid, and the obtuse bisectrix consequently to

the basal plane. The axial angle could not be obtained with

"ng to the fact that the best sections

. the way of clearness. The measure-

very great accuracy
left much to be desh
ments gav

2E - 54° 30'

blue rays,

strong, v>p-
r the character of
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An examination of a parallelopided cut with its edges par-
allel to the three axes of elasticity (crystalline axes) showed a
very distinct trichroism. The axial colors are as follows

:

For vibrations parallel to a (that is b) yellowish.

6 (that is a) deep pink.

C (that is c (vert.)) faint pink to nearly colorless.

Chemical composition.—The finest of the pink crystals were
used for the chemical examination of eosphorite, which was
made by Mr. Samuel L. Penfield, assistant in the Sheffield

Laboratory. A qualitative analysis having shown the presence
of alumina, protoxides of iron and manganese, lime, soda, phos-
phoric acid and water, the following method was employed in

the quantitative separation of the constituents. The total

phosphoric acid was determined by means of ammonium
molybdate. To determine the bases, one gram of the mineral
was fused with sodium carbonate, the fused mass soaked out
in water and the solution filtered from the residue of oxides of

iron and manganese. Most of the alumina went into solution

with the sodium phosphate. The residue of oxides of iron

and manganese was dissolved in hydrochloric acid and the
iron separated from the manganese by means of a basic ace-

tate precipitation. To insure the complete separation of the
alumina from the iron, the precipitate of basic acetate of iron

was boiled with sodium hydroxide, the solution filtered off

and added to the solution from the fusion, the oxide of iron

was then dissolved in hydrochloric acid, the iron precipitated
with ammonia and weighed as iron sesqu"
then dissolved in hydrochloric acid, evaporated with nitric acid

and ammonium molybdate added to precipitate any phosphoric
acid which might not have been separated by the sodium car-

bonate fusion. In this case there was a complete separation.

From the filtrate from the basic acetate precipitation, manga-
nese was precipitated by means of bromine, the precip
solved in hydrochloric acid, the manganese again precipitated
as ammonio-manganese phosphate and weighed as pyrophos-

Ehate. From the filtrates from the precipitation by bromine,
me was thrown down as oxalate. The solutions containing

the alumina were acidified with hydrochloric acid, boiled to

expel carbonic acid, and aluminum phosphate precipitated

was filtered, washed, dis-

solved and again precipitated and weighed as aluminum phos-
phate. As this precipitate is not constant in composition, after

weighing, it was dissolved in nitric acid and the phosphoric
acid separated by means of ammonium molybdate. The phos-

phoric acid was determined and deducted from the weight of
the aluminum phosphate.
The sodium was determined by precipitating the bases from
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an acid solution by means of ammonium carbonate, evaporat-
ing the filtrate to dryness, igniting to drive otf ammonium
salts. The residue was taken up in water, barium hydroxide
added to precipitate any phosphoric acid or manganese which
might have remained in solution, the excess of barium sepa-

rated and the sodium weighed as sodium chloride. Care was
taken to carry on the evaporations in platinum and avoid
contact with glass as much as possible. Water was deter-

mined by igniting in a Bohemian glass tube in a gas furnace,

the water being collected in a chloride of calcium tube.

Two analyses gave

:

The ratio P
2
O s

: A10
3

: RO : H 3
= 1 : 1 : 2 : 4 corresponds to

the empirical formula R o AlP 2 0, „ 4H
2 0, which may be writ-

ten AlP 2 8
-+-2H

3R0 2
+2aq. The analogy in the composi-

tion of eosphorite to that of childrenite suggests, however,
that the better way of writing the formula is

:

jR 3P g 8 , JH 3
R02 , ,

\ AlP^03+iHUl0 6
+ 4aq>

In the formula R corresponds to Mn and Fe with small quan-
tities of Ca and Na 3 ; the ratio for Mn : Fe-r-Ca+Na

3
=3 : 1,

and for Mn:Fe=10:3; for the last ratio the above formula
requires :—

Eosphorite. Childrenite, analyzed Childrenite, analyzed
Calculated from the formula. by iiainmelsberg. by Church.

The identity between the crystalline form of eosphorite and
that of childrenite has been pointed out in a preceding para-

graph, and the analogy between them in chemical composition,

and at the same time the wide difference, will be seen from the

above. The ratios obtained from the analyses of Rammelsberg
and Church for the childrenite from Tavistock and that of eos-

phorite are as follows :

—
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Childrenite
| oh' 1 • :? • 4*

Eosphorite 1 I 3 : 4

It can hardly be doubted from the above relations and the

other facts given that the two species are in fact isomorphous,
although the uncertainty that hangs over the composition of

childrenite makes it useless to compare the formulas. It is

quite possible that, when the composition of childrenite shall

be definitel 1nitely settled, it will be found to be analogou
given for eosphorite. It cannot be questioned, however, that

the two species though closely isomorphous, are at the same
time perfectly distinct: the physical characters, the habit of

crystals, and method of occurrence speak emphatically for this.

Chemically, too, they are not to be confounded, although they
maybe similar compounds; eosphorite is essentially a phos-

phate of aluminum and manganese, and childrenite of alumi-

num and iron.

Pyrognostics.—In the closed tube eosphorite decrepitates,

whitens, gives off abundance of neutral water, and the residue

turns first black, then gray, and finally liver-brown with a

metallic luster, and becomes magnetic. B.B. in the forceps it

cracks open, sprouts and whitens, colors the flame pale-green,

and fuses at about four to a black magnetic mass. It dissolves

completely in the fluxes, giving iron and manganese reactions.

It is soluble in nitric and hydrochloric acids.

In order to make certain that our conclusions that the com-
pact mineral with greasy luster and resembling elaeolite was
out a variety of eosphorite, we selected a grayish white and
apparently homogeneous specimen, which was analyzed by Mr.
Horace L. Wells, with the following results :

H 4o 1292

Alkalies "and fluorine
".".

".' " " " ." ." ." ."."

'.traces

An examination of the residue insoluble in acids proved it

> consist chiefly of quartz. The 0144 gram of insoluble resi-

ue gave 0131 silica (928 per cent), and contained besides traces

I iron, alumina and perhaps other bases. The examination
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of a thin section of this variety of eosphorite showed the quartz

scattered as grains through the mass.

Deducting the residue from the analysis and calculating

again to 10061, we have

CaO 3-01 -054
)

H,0 15-07 -837 -837 4

This is very nearly the composition of eosphorite as analyzed

by Penfield. The excess of lime is in part due to the presence

of apatite which is found associated with much of the eosphor-

ite. The compact mineral is simply eosphorite intimately

mixed with quartz and other species found at the locality.

The greener colored varieties contain dickinsonite and are

somewhat more fusible than pure eosphorite, while the lighter

colored varieties such as analyzed are more difficultly fusible.

The density of these varieties varied from 2^92— 3;08.

The name eosphorite is from the Greek ffoocfcpopos (a syno-

nym of q>ooffcp6po$, whence the name phosphorus), which means
dawn-bearing, in allusion to the characteristic pink color of the

crystallized mineral.

2. Tkiploidite.

Physical characters.—Triploidite occurs in crystalline aggre-

gates which are distinctly parallel-fibrous to columnar in some
cases, and in others divergent; and again confusedly fibrous to

nearly compact massive. Occasionally individual prismatic

crystals are distinct, being separated from one another by the

transparent quartz in which they are imbedded and from
which they become detached when the mass is broken into

small fragments. The isolated crystals have sometimes a length
of an inch or more, but it is not possible to detach them except
in very small pieces. The conditions are obviously extremely
unfavorable to the formation of terminated crystals, but a care-

ful and long-continued search upon a large amount of material

was at last rewarded by the discovery of a few more or less

perfect specimens. In rare instances the crystals have been
observed standing free in small cavities in the massive mineral.

The crystals have perfect orthodiagonal cleavage.

The hardness of triploidite is 4'5-5, and the specific gravity
3-697. The luster is vitreous to greasy-adamantine. The
color is yellowish to reddish-brown, in the distinct crystals also

topaz- to wine-yellow, and occasionally hyacinth-red. The
streak is nearly white. Transparent to translucent. The frac-

ture is subconchoidal.
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Crystalline form.—Of the few terminated crystals obtained,

three only were suitable for measurement and only one of these

had the terminations complete. These were ' 4
extremely small, but the planes were of so

high a luster that they gave good reflec-

tions, but little inferior to those obtained
from the best eosphorite crystals. The
planes in the prismatic zone are in the
larger crystals so much striated as to admit
of no satisfactory measurements. In the

crystals selected for careful measurement
the only planes in this zone which could
not be used at all were the clinopinacoids,

for the others the reflections were reason-

ably good. The crystals show occasionally false planes, bearing

no relation to the axes of the crystal, and which are evidently

impressions of portions of adjoining crystals.

The crystals belong to the Monoclinic System and their

habit is shown in figure 4. The axial ratio was obtained from

the following fundamental angles :

—

c-e = 001 „01l = 54° 48'

a-/ 3 100-110 = 60° 27'

a^c = 100-001 = 71° 46'

These angles are good, though a little less so than those given

for eosphorite—the probable error, however, does not exceed

±1/. The axial ratio is

:

0-80367

The observed pi a

The following are the principal ;

the above data, and 2

the two others (2 and 3)

:

i-/-, 110-110, =120
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c~p, 001-211, = 76° 35' 76° 20' approx.

I~p, 110^211, = 29° 6'

e~I, 011-110, = 36° 53' 36° 50' 36° 57' (2)

e^r, Oil a 110, a 51° 33' 51° 24'

e*p, 011-211, = 47 34' 48° approx

e-e', Oil. Oil, =109° 36'

p~p', 211-211, a 82° 53'

A comparison of the above angles with those given by
Brooke and Miller for wagnerite shows that the two species

are homoeomorphous.
Thus in the three diametral zones, we have :

—

/-J7
, 110-110,= 120

o 54' g-fir=122 25'

As the crystal of wagnerite is placed by Miller, the planes g,

a, c and e have the symbols (120), (100), (001), (021) respect-

ively. In the figure given by Miller the prism g 120 (= /,

(110) triploidite) has the greatest development ; it was made
the unit prism by Naumann.

Optical properties.—The only point that could be established

in regard to the optical character of triploidite was the posi-

tion of the axes of elasticity. The crystal used for measure-
ment had the clinopinacoid so far developed that it could be
examined directly in a Eosenbusch microscope. It was found
that of the two axes which lie in the plane of symmetry, one
very nearly coincides with the vertical axis, being inclined

behind (see fig. 4) 3°-4°, and the other consequently is almost
normal to the orthopinacoid. The position of the optic axes
could not be fixed. The crystals show no perceptible absorp-
tion phenomena.

Chemical composition.—Triploidite was analyzed by Mr.
Penfield. This hydrous phosphate was found to contain iron

and manganese, both being in the lowest state of oxidation,

with a small amount of lime ; it is entirely free from
fluorine. The method of analysis was substantially the same
as that of eosphorite, (described on page 39). There being
no alumina in the mineral, the phosphoric acid was determined
directly from the solution of the fusion. The fusion did not

effect a complete separation of the phosphoric acid from the

iron and manganese, as it was retained by the small amount
of lime present. It was weighed with the iron, and afterwards

was separated from the iron by means of ammonium molyb-
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date, determined, deducted from the weight of the latter and
added to the phosphoric acid determination. The results of

The ratio P
2 0, : RO : H

2
= 1 : 4 : 1 corresponds to the form-

ula R,P 29 B
+H a O, or K sP a

O,4-H
aKO a , where R==Mn : Fe =

3 : 1. This formula requires :

Among the other phosphates and arsenates the following
seem to be closely related to triploidite in composition :

Libethemte CuaPiOg+H.CuOz Orthorhombic.
Olivenite Cv^Pj.As^Og+HaCuO, Orthorhombic.
Lazulite A1P2 8 +H 6A-10 6

*
Monoclinic.

None of these species has any relation to triploidite in crys-

talline form. On the other hand the similarity between the
angles of wagnerite and triploidite has already been shown

;

moreover, the composition of triplite is analogous to that of
wagnerite and for these reasons a relation between triplite and
triploidite immediately suggests itself. The composition of

these minerals is

:

Wagnerite Mg3P 2 8 + MgFf

Triplite (Fe, Mn) aP tO g + (Fe, Mn) Ff

Triploidite (Mn, Fe) 3P,0 8 +(Mn, Fe) (OH),

It should be stated that the perfect transparency and bril-

r of the crystals analyzed prove beyond all question
that the absence of fluorine and the presence of water (deter-

mined directly) are not due to any alteration. The fact that all

the bases are in the lower state of oxidation would be con-
firmatory evidence were it needed. The conclusion
we are iea is this—that in the compound triploidite the radical

hydroxy! (O] part as the element fluorine, the
molecule R(0H)

2 taking the place of the RF*.
Pyrognostics.—In the closed tube triploidite gives neutral

water, turns black and becomes magnetic. Fuses quietly in

the naked lamp flame and B. B. in the forceps, c lore the flame
green. Dissolve in the Si i\ . manganese
and iron. Soluble in acids.
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An analysis of another specimen of triploidite gave P
2 5

32-24, FeO 18 '65, MnO 42-96, CaO not determined, H
2

4-09,

quartz 1
#

09. The lime was accidentally lost but calculating

from the amount of phosphoric acid retained by the iron it

amounted to O90 per cent. The analysis is interesting as

showing that the iron and manganese vary in different speci-

mens, the darker colored varieties containing the most iron.

The name triploidite given to this species, from tnjp&fe, ft»d

etdosform, indicates its resemblance to triplite in physical char-

acters, and its relation in chemical composition.

(To be continued.)

Art. V.—On Dimtroparadibrombenzols and their 1)

by Dr. P. Townsend Austen, F.C.S., Assistant Prof, of

Chemistry in Kutgers College. Third paper.*

In my former papers, I have described the formation of three

dinitroparadibrombenzols, and proved the a and fi variations

to be isomeric compounds. With regard to the third, I am
still somewhat in doubt.

The peculiar formation of nitroparadibromaniline by treat-

ment of alpha dinitroparadibrombenzol with ammonia, has led

me to make experiments with other reagents, and I have been
gratified at encountering some quite unexpected phenomena.
These I shall mention in another paper.

BetardinitroparabrompJienol

By pouring a very concentrated alcoholic solution of potassa

over the beta-dinitrodibrombenzol, the mass became scarlet-red,

indicating the formation of a salt Examination showed, how-
ever, that much of the substance was left unaffected. On heat-

ing, an action set in, and fine bubbles were formed. On dilut-

ing with alcohol and acidifying with hydrochloric acid, a dark
brown flocculent mass was obtained, insoluble to any extent in

alcohol. It was soluble in glacial acetic acid and acetic ether,

separating in the form of an amorphous powder. As it was
also soluble in a solution of sodium hydrate, and was pre-

cipitated therefrom by hydrochloric acid, I take it to be an
azoxyphenol.

Various attempts to obtain a good yield of the phenol by
direct treatment with potassa, or soda, in different amounts and
solvents, did not meet with success, except on a small scale.

Although in most cases, the phenol salt was formed, as could

be discerned from the red color of the liquid, yet on application

* Compare this Journal, HI, fa, 118, and xiii, 95.
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vital action had taken place. The best results with this method
were obtained by long boiling of the dinitrodibrombenzol
with an aqueous solution of potassa. Owing, however, to the
slight solubility of the nitro-compound in water, but a small
amount of the phenol salt was formed.

I then endeavored to utilize a reaction which I described,

some time ago,* as taking place between dinitromonobrom-
beuzol and potassium nitrite, when the two substances are
heated under pressure in presence of dilute alcohol. The for-

mation of dinitrophenol takes place easily:

C,H,(NOJ
1
Br+2KNO,=CJI/NO,),OK+KBr+N

a
O

i
(r)

The resulting oxide or oxides of nitrogen have here the
beneficial effect of exerting an oxidizing action. The great ob-
jection to the use of an alkali in forming hydroxyl derivatives
from nitro-halides, is the tendency it has to affect the nitro-

groups converting them into azoxy-compounds. By the use
of potassium nitrite all reducing action is avoided—in fact,

prevented—by the presence of the nitrogen oxide. The oxides
react also on the alcohol present, forming aldehyde.
Some of the /2-dinitroparadibrombenzol was dissolved in

dilute alcohol, and an equal weight of KN0
2
added. On stand-

ing, the KN0
2 extracts the water from the dilute alcohol, form-

ing an aqueous layer on which the alcoholic solution rests. By
standing, even without warming, the line of contact between
these layers solidifies to a crust of red needles. On boiling,

however, the action is soon complete, and every trace of the

^-isomer is converted into the phenol. The reaction is pre-
cisely analogous to the former :

C
.
H

a
(NO

I) J
Br

3
+2KONO=C

6
H

a
(NO

a
),BrOK+KBr+N,O

s (?)

Some of the pure « was then treated in a similar manner, but
did not suffer the slightest change. Some sam pies of KN02 gave
a slight coloration, but this was owing to the presence of free

potassium hydrate. They gave no reaction after the potassium
nitrite had been moistened with a few drops of dilute nitric acid.

The oil that I take to be a gamma-isomer, also remained un-
affected.

This method enables me to overcome several hitherto almost
insurmountable obstacles. The separation and purification of
the beta from the alpha by crystallization is extremely difficult,

and from the gamma almost impossible. By direct treatment
with KN0

2 , of the mass obtained by nitrition of the dibrom-
benzol however, all the beta isomer can be extracted in the
form of phenol salt, leaving only the alpha, a solid substance

* This Journal, August, 1876.
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fusing at 159°, and the gamma, an oil, which I hope will prove
easy of separation.

It also forms an excellent test of the purity of the alpha-com-

color of the potassium beta-phenjlate is so

i if the alpha contains the slightest trace of the beta,

pound, since the color of the potassium beta-phenyh
vivid, that if the alpha contains the slightest trace of 1

it is shown by the formation of a red tint on boiling it with di-

By treating the beta-c

pound in the same manner, evaporating to dryness and extract-

ing with hot carbon disulphide, an admixture of the alpha and
gamma modifications is easily revealed. In this manner, I have
succeeded in proving that several specimens of what I thought
to be pure alpha and beta, were not absolutely free from isomers,

although the fusing points had long since ceased to show any
appreciable variation.

Finally this method promises a means of obtaining phenols

by substitution of the halide in those nitro-halides which on
treatment with an alkali suffer substitution of the nitro-group.*

For if a reaction takes place it is only the halide which can be

affected.

Preparation.—150 grams of the raw product, obtained by nitri-

tion of the paradibrombenzol, were treated in a flask with boiling

absolute alcohol until all was in solution. The boiling liquid

was diluted with hot water until the substance began to per-

manently separate. Alcohol was then added until solution had
taken place, on which water was again added, the liquid being

kept boiling all the time. In this manner, by successively

adding water and alcohol, the volume of the liquid was brought
up to about 1J- liters. The object of this excessive dilution

was to prevent the separation of the liquid into two layers from
the removal of the water by the KN0 2 . The flask was taken

off the sand bath, and 100 grms. of KN0
2 carefully added. It

was then replaced, and the liquid allowed to boil violently.

The formation of the phenol salt took place quickly. In

about half an hour, during which water was occasionally added
to replace the loss by evaporation, the reaction was completed.
The contents of the flask were poured into a tall beaker holding
about li liters of cold water, stirred, allowed to settle, and
washed several times by decantation to remove the potassium
bromide and unchanged potassium nitrite. The mass was
brought on a filter and allowed to drain, after which it was
placed in a dish and heated in a water bath till all moisture

was driven off. By repeated warming with carbon disulphide,

all traces of the unchanged isomers were easily removed. The
red salt was then purified by crystallization from dilute alcohol,

dissolved in boiling water and carefully decolorized with di-

* As for instance the dinitro-chlorbenzol of Laubenheimer, Ber. d. d. chem.
-;»; ix, 768.
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lute* hydrochloric acid (1 : 10), filtered, washed and purified by
crystallization from dilute alcohol.

f

Analysis.—A combustion gave :

0-2852 grms. of substance yielded 0-2870 grms. of CO, and
0-0422 grms. of H

2
0.

The formula C„H
2
J *™«=C,H

1
N,O

i
Br.

[OH

Properties.—This compound is identical with the dinitrobrom-

phenol obtained by Korner:}; from nitrition of bromphenol. It

forms when crystallized from water or alcohol, long, flat, very
thin and strongly glittering needles, fusing at 71°. Korner
found 78°. On careful heating it volatilizes unchanged.
Exposed to the air it soon turns reddish, undoubtedly, as Korner
suggested, from the presence of ammonia. Heated under water,

it fuses to a yellow oil. It has strong tinctorial powers, dying
the skin yellow. In all these properties my observations agree

entirely with those of Korner. By heating with concentrated

sulphuric acid, decomposition sets in, and a gas is liberated

which smells like nitrous acid, while a (sulpho?) acid giving a

barium-salt soluble in water, is obtained. When heated on a

platinum foil, it burns brightly with a luminous yellow, smoky
flame. Thrown on a red-hot platinum foil it puffs.

On heating the phenol with fuming nitric acid a violent action

took place. The resulting liquid on evaporation furnish an
abundant quantity of picric acid.

There are already several instances known where picric acid
is formed by the substitution of a halide by the nitro-group.

directly analogous case is quoted by Post:}: who mentions
mat picric acid is formed by nitrition of the phenol isomeric to

this (dinitrobromphenol fusing at 117°).§ This proves con-

clusively then, that, when a halide is expelled by direct t

ment with nitric acid, we are not in a condition to assume that
the entering nitro-group takes the same relative position as the

antecedent halide ; for, as in the case above shown, both the

dinitrobromphenols give picric acid on nitrition.

. Jodb. Sci.—Third Series, \
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, a little pe
L out of dil

;uliar that nitric acid should drive the bro-

Litrobromphenol, forming picric acid; for

picric acid when treated with bromine, yields* dinitrobrom-

phenol.

Solubility.—Difficultly soluble in boiling water. A
less easily soluble in boiling dilute hydrochloric and nitric acids.

Easily soluble in boiling dilute sulphuric acid. In hot alcohol

a id acetic acid (glacial) very easily soluble. In carbon disul-

phide, less easily. In hot aniline it is very easily dissolved,

giving a red solution.

Silver Beta-dinitroparabromphenylate.

Preparation.—The salt was made by mixing aqueous soluti* tt*s

of silver nitrate and ammonium dinitrobromphenylate. It is dif-

ficultly soluble in boiling water, but much more easily in alcohol.

Analysis.—

C
g
H J ^)»=C,H

a
N,0

6
AgBr.

lOAg
04903 grams of substance yielded 0*1884 grams of AgCL

Ag=29'19 28-90

Properties.—Splendid glittering red needles, having a brilliant

green reflex. When dry the salt puffs on heating. If thrown
on a hot surface, it explodes.

Potassium Beta-dinitroparabromphenylate.

I have already described the formation of this salt. It is

somewhat difficultly soluble in boiling water. It forms long

glittering and red needles, having a greenish reflex. This
is the only salt that Korner prepared. He considers the play

of colors to be like that of murexide.

Barium Beta-dinitroparabromphenylate.

Preparation.—Barium carbonate was boiled with a dilute

alcoholic solution of the phenol until all carbonic anhydride
was expelled. The residue was extracted with boiling water,

filtered and allowed to crystallize.

Analysis.—
(C

6
H

1
(N0

2 ) J
BrO) aBa=rC 12

H
4
K

4
O

ia
Br

3
Ba

0-3824 grams of substance gave 0*1331 grams of BaS0
4

.

Ba=20'72 20-46

Properties.—Saffron-yellow needles. Moderately soluble in

hot water or alcohol. When heated in a mattrass,' it explodes,

covering the sides with carbon.

* Armstrong, Ber. d. d. Chem. Ges., vi, 650.
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Preparation.—By action of ammonia on an alcoholic solution

X:
C.H^NO^BrONH^C.H.N.O.Br

0-52 grams of substance gave 0'4 grams of PtCl
4 , 2AmCl.

Calculated. Found.

NH
4
=6-52 6-20

Properties.—Bright red silky needles. Soluble in boiling water
and alcohol. When heated in a mattrass to 140°, it is volatile,

forming a red sublimate which can be driven about by cautious
heating. On higher heating it is dissociated into ammonia and
phenol. A partial recombination takes place on cooling.

Copper BetardinitroparabromphenykUe.

Preparation.—It was obtained by action of a slight excess of

well-washed CuC03 on the phenol in boiling dilute alcoholic

solution. The resulting mass was dissolved in glacial acetic

acid. The salt was thereby decomposed, cupric acetate and free

phenol being formed. On diluting the blue solution carefully

with water, a point was reached where the color changed to

brown. The solution was then allowed to stand. After a short

time the substance began to separate in crystals.*

Properties.—The salt crystallizes in short, brown glittering

needles. It is insoluble in water and alcohol. Moderately
soluble in boiling acetic acid. The best way to obtain it in

solution, is to dissolve it in glacial acetic acid, and dilute with
water until the blue color changes to brown.
None of these salts contain water of crystallization and differ

here from the salts of the isomeric dinitrobromphenol of
Armstrong.
When I found that this phenol could be so easily obtained,

I hoped that by action of phosphorous pentabromide, it could
be converted back into ytf-dinitroparadibrombenzol. All at-

tempts in this direction have as yet failed. The larger part of

the phenol remains unchanged on treatment with the bromide,
while some of it is entirely decomposed.
New Brunswick, N. J., April 1st, 18? 8.

! exactly at what point of dilution the
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Art. VI.

—

The effect of Temperature upon Atmospheric Electricity;

by Henry Goldmark. (Contributions from the Physical

Laboratory of Harvard College. No. 24.)

Sir William Thomson, by means of the different forms of

electrometers, devised by himself, has investigated the electric

potential of the atmosphere under varying conditions and in

different localities. The effect of an increase of temperature

upon the potential of the air he does not appear to have ascer-

tained, and the following experiments were undertaken with a

view of arriving at some conclusion upon this subject. From
the nature of the case the measurements made were approxi-

mate, and the results reached qualitative rather than quantita-

tive. To get the potential of the :

water-dropping apparatus devised 1
_

tion will be readily understood by reference to the sectional

view given below.

It consists merely of a can of water A, insulated by standing

upon a glass support, and discharging by the small pipe p
through a fine nozzle. The insulation is made more perfect by
drying the atmosphere around the insulating stem by means of

small pieces of pumice stone, moistened with sulphuric acid

and placed around its base.

The water breaking into drops from the nozzle assumes the

potential of the air at the point and communicates it to the cop-

per plate C, from which the insulated wire B leads to the elec-

trometer. In order to investigate the effect of different tem-

peratures upon the potential, it was necessary to have a lim-

ited volume of air upon which to experiment To do this I

enclosed the nozzle of the water-dropping tube and the copper
plate in the interior of the cylindrical drum D. This drum was

made of several layers of sheet iron, so arranged that the air,

after being heated by three Bunsen burners below, would pass

several times around the cylinder and so raise the temperature

of the enclosed air, without otherwise affecting it The water

which dropped from the plate collected in the glass dish below

from which it was drained out by a syphon, as fast as it fell.
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To measure the potential I employed one of Thomson's
quadrant electrometers, which was charged sometimes by a
Holtz machine and sometimes by the Ruhmkorff coil. This
instrument carries a small concave mirror which reflects a spot

of light upon a scale of ground-glass placed at the distance of

about a meter. In order to avoid any influence which the

observer's body near the instrument or conducting wires might
make, I observed the deflections upon this scale by means of

a telescope from the opposite end of the room.
The method of procedure was as follows : The opposite

quadrants of the electrometer were connected with two of the

four binding screws of a peculiar key constructed for the instru-

ment, while to the other two the wire coming from the measur-
ing instrument and a wire leading to the earth were respect-

ively attached. The potential of the air in the drum was then
measured, the temperature being that of the air of the room.
The result showed a very constant negative potential, varying
but little in the successive days on which the experiment was
made. The potential of the air of the room was also measured
at the same time, and found to be the same as that of the

enclosed air, thus proving that the drum had no effect upon
the electric condition of its contents. The burners were then
lighted, and the potential was, from time to time, measured
after the temperature of the enclosed air, as observed by the

thermometer «, had risen above that outside.

The change was by no means marked, but I did not on any
occasion, notice any decrease of potential, but on the contrary

a small but constant increase on raising the temperature. The
following table gives some of the measurements made:

April 21. April 24. April 25.

20* 15J- 23 15 22 IS*

a result of my experiments I arrived at the following con-

That, even a very considerable change of temperature

lot have any great or marked effect upon the electric poten-
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Art. VII.

—

A method of recording Articulate Vibrations by means

of Photography; by E. W. Blake, Jr., Hazard Professor of

Physics, Brown University.

The extreme minuteness of the vibrations of the iron disc of

the Bell telephone withdraws them from all ordinary methods
of observation and measurement. A pointed wire fastened to

the center of a ferrotype disc 2f inches in diameter, and mov-
ing on smoked glass, gave j'5 inches as the extreme ampli-

tude of vibration under a powerful impulse of the voice,

while sounds moderated to such a point as to be fairly articu-

late, were with difficulty detected by the movement which they
communicated.
Animal membranes, possessing greater flexibility than the

metal disc, seemed to promise better results, but the inertia of

the attached wire, and the resistance offered by the smoked sur-

face, become of importance, and throw doubt on the accuracy
of the results obtained. Dr. Clarence J. Blake employs the

human membrana tympani as a logograph,* and has obtained

;ry beautiful and interesting tracings. I find by examination
some, which he kindly sent me, that the number of vibra-

i as recorded falls considerably below the ordinary pitch of

the voice, being in some cases as low as 80 per second.

The logograph described by W. H. Barlow, F.R.S., in a

paper read before the Royal Society,f serves to record the

varying pressures of the expelled air taken as a whole.
With a single exception the diagrams give no suggestion of the

musical character of the sounds. The width of the line drawn
by a camel's hair brush and the slow movement of the paper
would mask the minute vibrations even if the apparatus were
otherwise adapted to showing them.
The opeioscope, invented by Professor A. E. Dolbear, con-

sisting of a tense membrane, to the center of which a small

mirror is attached, is well adapted to proving the existence of

musical vibrations in human speech, but not to determining
their character.

The phonograph of Mr. Edison records on tin-foil enough
of the vocal elements to reproduce intelligible articulation.

The minute indentations are therefore a record of great scientific

value. In the hands of Mr. Fleeming Jenkin they promise to

lead to valuable results^ in the analysis of vocal sounds.

Dr. S. Th. Stein§ described in 1876 a method of photograph-

* Archives of Opthalmology and Otology, vol. v, No. 1, 1876.

f Reprinted in the Popular Science Review, London, July, 1874
% Nature, May 9th, 1878. Article on Phonograph hy Mr. J. Ellis.

§ PoggendorfFs Annalen, Bd. clix, S. 142.
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ing the vibrations of tuning forks, strings, &c, by attaching to

them plates of blackened mica punctured with small holes. A
beam of sunlight passing through the hole strikes a sensitive

plate moving with uniform velocity, and leaves a permanent
record of the combined motions. Dr. Stein considers his

method applicable to vocal sounds, but I cannot learn that he
has ever attempted this application. My own experiments in

that direction by Stein's method resulted in failure.

The object of this paper is to describe a method of obtain-

ing photographs of minute vibrations on a magnified scale.

A plane mirror of steel, A, is supported by its axis in the

metal frame B. The ends of the axis are conical, and carefully

fitted into sockets in the ends of the screws G, C. On the back
of the mirror is a slight projection D pierced by a small hole.

The vibrating disc, as hitherto employed, is a circular plate

of ferrotype iron, 2f inches in diameter, screwed to the back of

a telephone mouth-piece of the form
invented by Professor John Peirce,

and now universally used. From
the center of the back of this disc a
stiff steel wire projects, the end of rSp
which is bent at a right angle. This r
wire serves to connect the vibrating
disc with the mirror by hooking into
the hole in D, as represented in the
figure. The mirror frame and the Back view of Mirror, actual size,

vibrating disc are kept in a fixed re-

lation to each other by a block of hard wood, to which both are
firmly screwed. The mirror is set with its axis parallel, and its

reflecting surface perpendicular, to the vibrating disc.

A heliostat sends a beam of sunlight horizontally through a
small circular opening. This beam passes into a dark closet

and at a distance of several feet from the circular opening falls

upon the mirror above described placed with its axis inclined
45° to the horizon. The rays, reflected vertically downward,
pass through a lens at whose focus they form an intensely lumin-
ous image of the circular opening.
A carriage moving smoothly on four wheels travels beneath

the lens at such a distance that the sensitized plate laid upon it

comes at the focus for actinic rays. A uniform velocity is given
10 me carriage by a string fastened to it ana passing over a
pulley. To this string a lead weight, just sufficient to balance
friction, is permanently attached, while a supplemental weight
acts at the beginning of motion and is removed just before the
sensitized plate reaches the spot of light above described.
The velocity attained by the carriage is determined by plac-

ing a sheet of smoked glass upon it and letting it run under a
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tuning fork (Ut 3—512 v. s.) provided with a pointed wire,

every case more than 200 vibrations were counted and i

ured, and careful comparisons made between the earli(

later ones, so as to be certain of the uniformity of the motion.

From the description it will be evident, that when the car-

riage alone is in motion a straight line will be photographed upon
the plate. On speaking into the mouth-piece the disc is set in

vibration, each movement causing change of angular position

of the mirror, the reflected light moves through twice this

angle, and the resulting photograph gives us the combination

of its motion with that of the carriage.*

The general character of the curves obtained is shown in the

accompanying figures, which are about one-half (0
-

56) the actual

size of the originals. The reduction was accomplished by pho-

tography on the wood itself, so that the skill of the engraver

was employed simply to follow the lines, which he has done
with great fidelity.

The velocity of the carriage for the vowel-sounds was 2 1^,

for Brown University, 40, and for How do you do, 14 inches per

second.

In the ma1 --ion of these curves the abscissas

are measured by the known velocity of the carriage, and serve

to determine the pitch, the ordinates represent the amplitude of

vibration of the center of the disc, magnified 200 times in the

photographs. The reduction of scale makes the magnifying in

the wood-cuts only 112 times.

The ordinates are not strictly straight lines, but parts of the

vertex of a parabola, and closely approximate to circular arcs

whose radius is the focal length of the lens employed,f In the

figures given, the centers of curvature of these arcs is at the

right hand.

With an ordinary tone of voice an amplitude of nearly an

inch is obtained, implying a movement of the center of the

disc of -005 inches as determined by actual measurement.
By varying the accelerating weight and its fall, any manage-

able velocity may be given to the carriage. Each ayllabl*

requires for its articulation about one-fourth of a second, hence

* The carriage should run from right to left. The negative (examined from the

uad prints taken from it, then give the syllables in their proper order,

and show movements of the disc from the speaker by lines going from the obser-

ver. The arrangement of my dark room compelled me to make my carriage move
'

'

' hence, in the figures given, forward positions of the disc are
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the plates must be quite long when the velocity is great. I

employ plates two feet in length, and find that velocities from
16 to 40 inches per second give good results. The action of

the light is however inversely as the velocity. To compensate
for this, the size of the circular opening admitting the light

may be increased. This, of course, causes an enlargement of the

luminous image, and apparently involves an injurious widening

of the line traced, but, as observed by Dr. Stein in his experi-

ments, the effect of velocity is to narrow the line photographed,

since the maximum exposure is in that diameter of the circular

image which lies in the line of motion. This is a great advan-

tage, since a variation of velocity in the vibration is marked
by the widening of the line, often more clearly than by the

form of the curve.

I have employed the ordinary photographic process, not at-

tempting to obtain special sensitiveness. The brightest sunlight

required, a slight haziness interfering seriously with the

suit. My heliostat employs two reflectors of ordinary look-

g-glass, and the loss of light is considerable.

To guide those who may wish to try this method I add the

following measurements

:

Diameter of circular opening -f tV inches.*

Distance of mirror from circular opening. 28 feet.

Distance of mirror from photographic plate 11^ inches.

Focal length of lens 9i inches.

Size of steel mirror 0'46x0*34 inches.

Weight of steel mirror 0-065 gram.

The question naturally arises whether the mirror may not

so interfere with the vibrating disc as to destroy its ar

The telephone gives a direct answer and banishes the doubt
The mirror was attached in the manner already described to

the disc of a telephone, and the instrument showed itself still

perfectly capable of 'sending,' and 'receiving,' without notice-

able loss of clearness or quality.

Are all the audible elements of speech traceable in these

records? in other words, is the record complete? I am not

prepared as yet to answer this question definitely, but the fol-

lowing experiment leads me to doubt whether an affirmative

answer can be given, while at the same time it illustrates in a

striking manner the sensitiveness of the ear. The mirror was
attached to the disc of a receiving telephone and a photograph
taken from it while the instrument was talking audibly. The
resulting record was almost a smooth line, showing but very
slight indications of movement of the mirror. It would there-

fore, appear that there are distinctly audible elements, which

* Depending o
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to be recorded by this method. It is to beby 1

noted, however, that the width of the line traced where the
vibrations are extremely small, is so great as to mask the curv-
ature, so that the experiment just cited is not entirely fair.

The clearness and beauty of the curves obtained can hardly
be appreciated without inspection of the originals. Their
complexity and variety open a large field for investigation, and
they seem to offer the means of analysis of articulate speech.

Relay; by Professor

bon, upon which they depend, might be utilizi

struction of a telephonic relay. I accordingly arranged three
pieces of carbon in the form of an H, attaching the two outside
pieces to the diaphragm of an ordinary telephone ; this, with a
battery, was destined to act as relay and re-transmitter. The
first circuit included, then, a common telephone as sender, and
the coil of the relay ; the second included battery, vibrating
carbon, and a common telephone used as a receiver. It was
found that the vibrations of the pivots of the central piece of

carbon were indeed able to modulate an electric current, so

reproduce with somewhat diminished intensity sounds
uttered in the sending telephone. Eight small vibrating c

single piece, I
bons were now substituted for the single piece, and the r

x

duction was effected without loss of intensity or distinctness.

The battery used with the relay consisted of eight small cells

of zinc and carbon placed in diluted sulphuric acid only. For
a relay to be efficient it is of course necessary that it should
increase the loudness of the sounds so as to allow for electrical

re-transmission to a more distant station
;
this can probably be

effected, 1st, by making the telephonic relay of such dimen-
sions that six or eight carbons can be placed approximately
over the center of the iron diaphragm, and 2d, by using simul
taneously several of these pieces of apparatus in the same
circuit

An arrangement like Hughes's microphone was also employed
as sending instrument ; an inverted coverless cigar box was
used, on which I placed three vibrating carbons instead of a
single one. The multiplication of the carbons was due to a
suggestion of Dr. W. Gibbs, who at the time proposed various
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forms of sending apparatus, all including the principle of mul-
tiple vibrating points or surfaces of contact. This simple

apparatus was very sensitive, and reproduced with fidelity con-

versation in a low tone at a distance of more than thirty-five

feet from the box; its performance suggested to me the multi-

plication of the carbons on the relay.

To the above I may add that when the electrical current

used with the carbons is too powerful, a hissing, crackling

sound is produced, which is from time to time varied by the

introduction of a pure musical note, which often runs through
considerable variation in pitch. This voltaic tone may be due
to the repulsion exerted by the electrical current on itself,

causing one of the carbon points to rise and fall with regularity

in a manner analogous to the motion of the Trevelyan rocker,

or it may be caused by rapid changes in temperature and hence
in volume of the contact-surfaces. With fourteen small cups

; occurred quite frequently.

Columbia College, June 10, 1878.

SCIENTIFIC

On the Microphone of Hughes.—At the

in varying the force of an electric current.* The results described
were obtained in an attempt to investigate, by means of the tele-

phone, the effecr ...t' sound vibrations on the electrical behavior of

matter. Using a Daniell battery of three cells, with a telephone
in circuit, the wire conductor was* subjected to strain until it broke

;

no sound was heard except at the instant of rupture. It was then
noticed that the sound could be reproduced on making and break-

broken ends of the wires, or even more
side by side,

a third lying upon them at right angles breaking or lessening con-

tact whenever subjected to jar, even by sound waves. Ten or

twenty nails piled up log-hut fashion, increased the effect, and a
piece of steel watch chain worked very well. Still better results

i obtained by the use of a metallic powder in a glass tube, the
^ ' form being so sensitive as to reproduce articu-

'ded conductors which do not readily
such as platinum, mercury and carbon, or still better metal-

lized carbon (willow charcoal heated to whiteness and plunged
into mercury) may be used for the purpose, a glass tube filled

with such substances, and provided with wires for insertion in a

* Engineering, xxv, 369. ."{84, May 10 and 17, 1878. Sci. Am. Suppl. v. 2024.

late speech. All finely divided conductors which do not readily



he current sti bag in the telephone a d
loise. The slightest touch on the table where it is lyin

uerest contact with a ha? Imt .-r a r;nm-i'> hair brush, is disi

lii.-k!",

circuit, Wring called ;i "transmitter." Exposed to sound, even
when quite inaudiWle to the unaided ear, the resistance of the

""~"i in consequence of the vibration, thus varying
distinct

the
i feather or a camel's hair brush, is distinctly

i he receiver, and both instrumental and vocal sounds are

transmitted with power. Acting on these facts, Hughes devised
an instrument especially adapted for magnifying weak sounds, to

" p
is carbon, an inch long, ^ inch wide at the center, and ^
,
pointed at the ends and supported vertically between

two blocks of the same carbon which have -mall cavities hollowed
out to receive it, the upper end being more blunt than the lower,

and rounded. The weight of the upright piece is only just suf-

ficient to make a feeble contact. With this form of transmitter
the beating of the pulse, the tick of a watch, the tramp of a fly can
thus be heard at least a hundred miles from the source of sound.
In explanation of these facts, the author says :

" It is quite evident
that these effects are due to a difference of pressure at the differ-

ent points of contact and that they are dependent for the perfec-

tion of action upon the number of these points of contact. They
are not dependent upon any apparent difference in the bodies in

contact but the same body in a state of minute subdivision is

equally effective."

The results which have been obtained by Hughes as above
described, are clearly anticipated by more than a year by those of
Edison.* In January, 1877, while engaged in perfecting an
articulating telephone, Edison made use of the fact discovered by
~" '

i 1873, that semi-conductors have the peculiar property of

To thvarying their resistance with pressure.
diaphragm was attached a spring faced with platinum, in front of

which, and tnovaWle Wy an adjusting screw, was a small cylinder of
graphite. This arrangement gave great volume of sound but its

articulation was poor. After extensive experimenting, using the
graphite mixed with various substances, lead peroxide, copper
iodide, pulverized <j;as retort carWon. manganese p< n>\ide. amorph-
ous phosphoric, finely divided metals many sulphides, tufts of silk

KWer coated with metals by chemical means and pressed into disks,

etc., he was led to adopt a disk made of the lampblack from petro-
leum smoke and to use it in the primary circuit of a small induc-
tion coil. This con>titutc> the carbon telephone, which, certainly
for long circuits is the loudest transmitter known. In June, I877,f
he described a new form of relay based on the principle of vary-
ing resistance by pressure, using disks of carbon on the poles of
the receiving electro-magnet, on which disks the armature rested.

The coils of this magnet were in the primary circuit, the cores,

*The Speaking Telephone, Talking Phonograph and other novelties. By
George B. Preseott. pp. 4.! I. 9m New York, 1878. D. Appleton & Co.

f Journal of the Telegraph, x, 163, June, 1877.
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carbon disk, diminished its resistance, and so increased the current

strength in the secondary circuit. Since the diminution of the

resistance is exactly as the pressure, the relay translated the varying
current strength of the one circuit into a varying current strength

in the other, of precisely similar character ; thus for the first time

making it possible to relay telephone currents. That the effects

thus obtained by Edison are due simply to varying external con-

tact, was first proved by C. B. Richards of Hartford in July, 1877.

Placing a graphite cylinder between the jaws of a vise, platinum
battery-contacts being provided at the ends, he found that the re-

f the cylinder to an electrical current diminished i '

* L
"

i of the i

depends upon the simple fact

that a great variation in the resistance of a semi-conductor takes

place on varying the surfaces of contact by pressure, the variation

of resistance being directly as the pressure exerted.

It would seem sufficiently evident that the phenomena, of

Hughes and Edison alike, are due to the varying resistance of an
electrical circuit at the point or pointB of contact. The correct-

ness of this explanation is proved by the increase of the effect

with multiple contacts. This is accomplished by Hughes with
finely divided materials such as metallized carbon, or metallic fil-

ings or carbon fragments in a glass tube ; and by Edison by lay-

ers of silk covered with graphite, by several cylinders of graphite

placed in a row, or by increasing the surface of his carbon button.

The exi-

led by
readily repeated with Edison's carbon transmitter, especially if

led by that of Edison, all the phenomena
of the Hughes apparatus is fully equal-

described with it being

rbon button be used which has been worked over several t

so as to be in a state of minute division. The tick, the brush, the

fly tramp can all be heard with it. For purposes of practical tel-

ephony, however, this sensitiveness is a serious objection, and was
overcome by Edison only after long experimenting. It is mainly
a matter of adjustment of the contact pressure, as well in the car-

bon telephone as the microphone, the apparatus being the more
sensitive the less the pressure. Moreover, the fact that Hughes
transmits speech without the use of a diaphragm does not affect

the question. Edison months ago replaced the vibrating dia-

phragm of his telephone by a plate of metal rigidly attached to

the carbon, and serving to increase the loudness by increasing the

surface on which the sound acts. This, however, is not at all neces-

sary. It is easy to talk with the carbon transmitter of Edison, by
projecting the sound waves directly against the carbon itself as in

the microphone. Finally, Edison has utilized the varying resist-
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ance of carbon contacts by pressure, in the construction of an
apparatus by which minute differences of pressure may be meas-
ured, and has applied it to the construction of a thermometer,
barometer, and hygrometer of extraordinary delicacy, and to the
production of a rheostat of great simplicity. g. f. b.

2. On the Boiling l'< of various strengths.

—Though the boiling point of the most concentrated sulphuric

acid—containing 98-5 per cent H
s
S0

4
—was carefully fixed by

Marignac at 338°, no determination of the boiling points of acid
of less concentration has been made since Dalton. Lunge has
undertaken to redetermine accurately these boiling points by the
following method: About 150 c.c. of the acid to be examined
was placed in a flask having a long and wide neck and heated to
boiling. In the flask the thermometer was so suspended by wires
of platinum as to maintain a central position, the bulb being
wholly immersed in the liquid. Since by loss of water the strength
of the acid is increased, the boiling point must be determined at

the beginning of ebullition. This the author takes to be the
instant at which the stem of the thermometer is surrounded by
transparent vapors, and a partial condensation takes place on the
neck, the thermometer becoming at the same time stationary for

from a quarter to half a minute. In this way, an accuracy of half
a degree may be attained. The density of the acid was determined
by direct weighing and reduced by Bineau's formula to 15°. The
percentage of H

2
S0

4
was obtained from this by interpolation in

Kolb's tables below sixty-three, and in Bineau's above this per-

centage. Plotting the observed boiling points as ordinates and
the percentages of H

2
S0

4
as abscissas, a curve is obtained which

is very nearly a parabola and by which the boiling points may be
obtained for intermediate strengths.

—

Ber. Berl. Ghent. Ges., xi,

370, March, 1878. G. f. b.

3. Substitution of Sulphurfor Os
tw *> '<» fh> l-'.itt.t

>,>'»-.<.— In

the formula CnH2n+1COOH, which represents the acids of the
fatty series, the oxygen of the carboxyl group may be partly or

placed by sulphur, giving rise to three series of bodies,
<' ir_;,CSOH, CnH2n+]COSH, and CnH,n+]CSSH, the first two
of which are isomers. The confusion in naming these bodies
is avoided by adopting the suggestion of Wurtz in his Diction-
naire de Chimie, and prefixing sulpho 1

when the oxygen i

first formula above gh
is thus replaced, and thio-sulpho when both suffer substitution.
Only the second of these classes has been yet produced, thio-

-propionic and thio-valeric acids having been studied.
Dupre has succeeded in producing a member of the first series,

i flask with an inverted condenser, and heated l_ _

bath for five or six days. The flask contained two layers of liquid,

the upper one of which was a solution of sodium* sill;'



analysis the formula C
3
H

5
OSNa,H

2
0. To establish the constitu-

tion of this body, nothing more is necessary than to convert the

hydrate into the chloride, and see if the chloride contains sulphur;

as this, of course, could not be the case if it is the hydroxyl oxy-

gen which is replaced. For this purpose the sodium salt was
treated with phosphoric oxychloride, and a chloride of sulpho-

propionyl CHS . CI was obtained, though in minute quantities.

and gives with lead acetate a white precipitate permanent in the

•cold ; which distinguishes the sulpho from the thio salt, its isomer,

which blackens at once. The barium salt was also obtained.

—

Bull Soc. CK, II, xxix, 303, April, 1878. g. f. b.

4. On the Synthesis of Oxindol.—The conception that isatic acid

is orthoamidophenylglyoxalic acid and that isatin is its anhydride,

was first enunciated by Kekule in 1869, who announced his inten-

tion to prepare orthoamidophenylacetic acid, and from this by
oxidation to produce isatin. Baeyer has now succeeded for the

time in preparing orthoamidophenylacetic acid, and in showing its

ready conversion into oxindol. That oxindol is really the anhy-

dride of orthoamidophenylacetic acid was proved by Si

at Baeyer's suggestion, examined the question whether, in the

reduction of isatin to oxindol, one or two CO groups were attacked,

and if only one whether it was that group which was attached to

the benzene, or the other one. On analytical grounds, the formula

C
8
H

4
\

a

i was established for oxindol, thus answering the

problem. The synthesis of oxindol is extremely simple. Phenyl-

acetic acid is nitrated by means of fuming nitric :i<-id, producing

nitrophenylacetic acid. This is reduced with tin and hydrochloric

acid to amidophenylacetic acid. The acid liquid is neutralized

with marble and boiled with precipitated barium carbonate. The
isomeric amido-acids form barium salts, with the exception of the

ortho-acid, which decomposes into its anhydride, and remains in

the solution, from which the pnre oxindol is extracted by ether.

It fuses at 120°, yields indol when reduced with zinc dust, and
yields the well characterized color reaction of nitrosoxindol with

given the name aldehydines to a class of basic bodies formed by
the condensation of one molecule of an orthodiamine and two
molecules of aldehyde, with the separation of two molecules of

water. For the preparation of tolubenzaldehydine, a mixture of

one molecule of ortho-toluyl-diamine and two molecules of

vile is heated to 140° in open vessels for eighteen hours.

The resulting mass is dissolved in hot alcohol, and on cooling yel-

low crystals separate, which, dissolved in hot dilute hydrochloric

acid, yield long colorless needles of the hydrochlorate of the new
base. Decomposed by ammonia, the base itself is obtained, and
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is purified by recrystallization from alcohol. It fuses at 195-5°,

crystallizes in clear colorless monoclinic prisms, sublimes in small
quantities, is insoluble in water, but soluble in alcohol and acetone,

and in dilute acids. Its formula is C
21
H

ia
N"

3
. Heated with ethyl

iodide to 120°, yellow crystals of tolubenzaldehydine-ethyl iodide
are obtained ; and these treated with silver oxide, yield a strongly
alkaline solution from which on evaporation an oil separated w hich

could not be crystallized. Oxidized with permanganate, it gives

dibenzenylamido-benzoic acid, C
6
H

3
COOH(NC

7
H

5 ) 5
. Hence, the

i-aw-n-;

NCC„H
ns to tolubenzaldehydine the probable rational formula

Tolufurfuraldehydine, and tolusalicylaldehydir

—to which he gives the special i

nificent blue fluoresc<

Ges., xi, 590, April, 1878. G. f. b.

6. On the Preparation and Properties of Invertin.—Barth has
investigated exhaustively the substance which is the inverting

constituent of yeast, and which Donath called invertin. To pre-

pare it, compressed yeast, freshly prepared, is coarsely pulverized,

spread out in a capsule, and dried at a temperature not exceeding
40°, until it can be rubbed to a fine powder between the fingers.

It is then heated on an air bath to 100° to 105° for six hours,

mixed with water to a thin magma, allowed to stand for twelve
hours at 40°, strained, and then filtered. The clear yellowish
filtrate is poured into five or six times its volume of 95 per cent
alcohol, by which a white flocculent precipitate is produced, which
by strong agitation becomes granular, and may be easily filtered

off. To free the ferment from albuminates—which this treatment
with alcohol renders insoluble in water—the precipitate is freed
from alcohol by pressure, digested in just sufficient water for solu-

tion, and filtered ; the albuminates' remain on the filter as a
gelatinous mass. On pouring the filtrate into alcohol, the ferment
is precipitated in the pure form. It is filtered off, washed with
absolute alcohol at least ten times, the excess of alcohol expressed,
and the precipitate dried in vacuo. The yield is about tw«.» grains
from five hundred of yeast. Invertin thus obtained Lb a white
powder, giving a clear yellowish-brown neutral solution with

•h, boiled with acetic acid and salt, is not rendered
turbid, showing that it is neither an albuminate itself nor contains
one as an impurity. Boiled with dilute copper solution and
sodium hydrate, no violet color appears, showing the absence of
peptones. No leucin could be detected on long boiling with sul-
phuric acid. On analysis it yielded 22 per cent of ash, consisting

potassium, calcium and magnesium phosphates. (

•"-*—
1 carbon 43-9 per cent, hydrogen f

J

nitrogen 6-0 per cent, sulphur 0-63 and oxygen (by loss) 41-17 r

cent. Experiments on the activity of invertin, using cane sug...
solution, showed that it is dependent on the concentration of the
sugar solution, is proportional to the quantity of the ferment

*
[. Jodb. Soi.—Thikd Skbibs, Vol. XVI, No. 91—Jdit, 187&
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present, reaches its limit in about forty hours, and that one part

of invertin produces 760 parts of inverted sugar as a maximum.—
Ber. Berl Ghem. Ges., xi, 474, March, 1878. a. f. b.

7. On the occurrence of Allantoin and Hi^iitric acid i ,, the

Urine of the Dog.—Salkowski has confirmed fully the statement

of Meissner that both allantoin and hippuric acid occur in the

urine of the dog. In the attempts to dissolve the crystalline

residue of the evaporation of the urine of a dog in cold water, he

noticed that a not inconsiderable mass remained undissolved. By
recrystallization from hot water, crystals of pure allantoin were
obtained. The amount given was 08 gram from the urine of four

days, the dog being fed on meat. The hippuric acid was detected

in the urine of the four days' experimented with, when hungry, when
fed on meat, and when the intestine was ligated. As a maximum
it reached one one hundred and twenty-ninth of the urea. It was
never entirely absent, even when no food or only purely animal

food was given ; and the ligation seemed to be without influence.

—Ber. Berl. Chem. Ges., xi, 500, March, 1878. g. f. b.

8. On the Coloring Matter of the Shells of Birds' Eggs—The
brilliant and remarkably permanent color of the eggs of many
birds has led Liebebmanx to the investigation of its cause. He
finds that however widely different these colors are from each

other, they are due essentially to but two coloring matters, one a

blue or green substance, probably a biliary coloring matter, the

other characterized by a remarkable absorption spectrum. These
coloring matters are contaiued in the superficial layer of the shell,

often in several thicknesses. When the shell is treated with
dilute hydrochloric acid, the coloring matter separates in flocks,

and by treatment with alcohol a strong solution may be obtained.

With the eggs of gulls and plovers, an unsuccessful attempt was
made to obtain the coloring matter pure. The colored alcoholic

solution shows two sharp absorptionJsands, one on each side <

the D line, when strongly acid,

bands appear, none of which are coinc

Berl. Chem. Ges., xi, 606, April, 1878.

9. Chemistry in iSpace. — Speculations on the forms of mole-

cules and the arrangement of the atoms in space are generally as

useless to the scientific world as they are entertaining to their

authors, and are therefore almost exclusively confined to fanciful

chemists, like J. G. McVickers, D.D., LL.D., who draw from their

imaginations most bea« rieal pictures of mole-

cules, which resemble nothing earthly unless those many-angled
ornaments made of straw or perforated card-board so common in

the windows of farmhouses. The pamphlet on " Chemistry in

Space" recently published by Van't Hoff must not be confounded
with these amusing but unprofitable examples of the so-called

chemistry of the future, as its sole object is to establish a theoret-

ical explanation of those cases of isomerism, usually called phys-

ical, and not accounted for by our present plane chemical formulas-

Its importance is shown by a most complimentary preface written

by Wislizenus for the German edition, and perhaps quite as well
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ra from the great chemical Ishmaelite, Kolbe,
) attack any but the most important theories.

Hoff may be stated briefly as

of an atom of carbon project
from it toward the angles of a regular tetrahedron, and each of
these affinities is satisfied by a different radical, two isomers are
possible (instead of none as predicted by the same formula con-
ceived as a plane figure) because there are two arrangements of
these radicals which cannot be made to coincide by any change of
position. One of these stands to the other in the same" relation as

that of any object to its image in a looking-glass. For example,
one of the carbon atoms in lache acids is attached to foui

radicals (CH
3 , COOH, H, HO), and we find two lache acids

accordingly, one from milk, the other from flesh, resembling each
other in chemical relations most closely, but differing in phymcal
properties. Second. In unsaturated compounds where two c

bon atoms are united along one ec

isomers are possible, if the two free a

are satisfied by different radicals ; for instance in maleic and
fumaric acids each carbon atom is attached to COOH and to II

;

if the two carboxyls are adjacent we have maleic acid, thus
accounting for the ease with which its anhydride is formed, while
in fumaric acid each carboxyl is adjacent to a hydrogen atom,

HOOC H HOOC H

Maleic acid, jl Fumaric acid,
||

HOOC H H COOH
This is certainly a simple and probable explanation of this puz-
zling case of isomerism, which drove Fittig in his recent

work on the unsaturated acids to the undesirable assumption of a
bivalent carbonatom as the only explanation possible on the old
theories. Third. The phenomena of circular polarization can be
explained by a spiral arrangement of the different radicals

attached to a carbonatom ; according as this screw turns to the
right or the left would the plane of polarization be deflected in

one or the other direction ; while two atoms with opposite spirals

in the same molecule would give an inactive substance. By this

hypothesis the different forms of tartaric acid and the differences

between dextrose and levulose can be fully explained.

The limits of this notice, and the absence of figures, render it

impossible to do justice to this extraordinary little pamphlet of
Van't HofTs, which will richly pay the trouble of reading, as
there can be no doubt that it contains a large and important addi-
tion to our chemical theories, and marks out a great number of
new lines for experimental work.* c. l. J.

Vieweg und Sohn.



tional Scientific Series).—Professor Lockyer's name has been so

long connected with the subject of spectrum analysis that a new-

work by him can hardly need commendation. The book com-
mences with a theoretical explanation of sound-waves, and light-

waves, and goes on to explain the methods of demonstrating spec-

trum phenomena. Other chapters are devoted to spectrum photo-

graphy, the spectra of salts, dissociation, quantitative spectrum
results of .the study of the sun with the spectroscope,

and other kindred subjects. The work is a collection of interest-

ing essays written in a clear and simple style, with excellent illus-

trations, and embodying what is newest in this branch of science.

Taken together, however, the subjects are somewhat wanting in

II. Geology and Mineralogy.

1. On Terrace Level.- . by Prof. J. P. Lesley,
Director of the Pennsylvania Geological Survey. Letter to J. D.
Dana, dated Philadelphia, May 27, 1878.—In my preface to Prof.

I. C. White's Report of Progress Q on Alleghany, Butler and
Beaver Counties lying on the north side of Ohio river, in Western
Pennsylvania, I have ventured to discuss the character of the ter-

race deposits along that river, and along the Monongahela river

;

not with any hope of solving one of our hard problems, but to

place a provisional picture of the facts, thus far collected by Prof.

Stevenson and Prof. White, before the attentive consideration of

other gentlemen, engaged in the study of our surface deposits in

other districts of the State. What opinions I ventured with
much hesitation to express were not entirely approved of by
Prof. Stevenson and Prof White, who had the best right in the
world to their view because so familiar with the field. **

here, but on a large body of facts exhibited in other<l\h\r

opinions were based, nowever, not only the phenomena <

hibited there, but on a large body
parts of the State. And yet I hold them very lightly ; for there

is a great deal still to be learned before the order, extent and
nature of the events of the Champlain period can be made out
satisfactorily.

I drew the contour curve of 1 ,300 feet above tide around the
sides of all the valleys of Western Pennsylv

River and north of

graphical

represent the sloping plains of mud which during

gence were deposited in the valleys, by ordinary decleposit from the
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mencement of this era of late and temporary submergence; and I

am still unable to see any need for changing my old views. I
still believe that the va. d ami' are being reex-

cavated
; the terraces being only residual strips of Champlain

clay left clinging to ant upon older rock-terraces worn by the
ancient erosion out of the hard and soft horizontal layers of the
coal-measure mass.

I have just received a letter from Prof. White, announcing an
important discovery bearing weightily upon the subject in ques-
tion, made by Prof. Fontaine and himself about two miles from
Morgaiitown in We>> Virginia. Here a broad level reach of
country, called the Flats, extends from two to four miles back
from the Monongahela river, toward the east, and south of the
Pennsylvania State line. When critically examined, the whole
area of the Flats was found to be "covered to an unknown
depth with a very tine, tough, aluminous, creamy-white clay, con-

taining immense numbers of vegetable remains in the most perfect

state of preservation of which it is possible to conceive." Only a
small collection has as yet been made and a few weeks must

ntly large collection can be made to decide
the point how far the plant-forms differ from those of our present
local flora.

The top of the deposit is about 300 feet above the river, which
ke it more than 1,200 feet above tide. English geolo-

gists would be very apt to suggest a glacial dam at Pittsburgh to

account for such deposits in the water basin of the Monongahela
River. But there is no such short cut to an explanation of a

phenomenon coextensive with half a dozen States of the Union.
Mr. White says the level of the Flats must be about the same

with that of the pottery-clays so extensively worked at Greens-
boro and Geneva in Fayette County. He adds that on the

"Second Terrace" (of Prof. Stevenson's series) below M.iriran-

town, Mr. Keek in sinking a well 70 feet deep, passed through
continuous silt and clays, and no rock. Prof. Stevenson's third

Report of Progress (lettered KKK) is just coming from the press,

and will be read with great interest by geologists who busy them-
selves with the more recent deposits.

2. Cretaceous and Tertiary of Charleston, S. C. — Lieutenant
A. W. Vogdks, U.S.A.. in'a communication to the Charleston
News and Courier t i Vj.ril ith, states that in the Artesian bor-
ing at the Citadel, Charleston, the Cretaceous formation was
reached at a depth of 950 feet, where occurred Exogyra costata,
and other fossil shells, among them a new Chama, which he
name- < '/,.,„,,, ifuo'lestonensis. The Exogyra continued to be
brought up to a depth of 1,825 feet, and with it at the lower
depth were obtained Ptychodus Mortoni, Qryphcea Pitcheri,

Ostreacretacea, etc. The present depth of the well is 1.87" feet,

and Lieutenant Vogdes believes that they are at work in the
"second bed of the Cretaceous above the underlying granite,

i gravel and sand of decomposed granite
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now being brought ui

facet
The overlying Eocene consists of the Lower Eocene or Buhr-

stone group, which has a thickness at Aikeu of 200 feet and rests

on the granite, and of 250 feet at Charleston; the Middle or

Santee beds, which have a thickness of 300 feet at Charleston,

and were formerly known as the Calcareous beds of the Charles-

i basin ; and the Upper, which includes the Cooper a i

groups, about 300 feet thick in the Artesian boring. Next comes
the later Tertiary, called by Lieutenant Vogdes Pliocene, which
rests upon the Cooper group, and at Goose Creek is about 12 feet

thick ; it is stated to contain 45 per cent of recent shells.

3. Yucatan Coral Beefs, and Cuba elevated Coral BocJc.—Yvoi.
A. Agassiz, in his "Letter No. 1 " on "Dredging operations of the

XJ. S. Coast Survey, Schooner 'Blake,' during parts of January
and February, 1878," describes the coral reefs of the Yucatan

> ;-! and land, and also the life of the sea bottom from there to

the Florida Reefs. He states that the fauna of the Yucatan bank
ifl identical with that of Florida. Alacran reef, on this bank, is

an atoll, elliptical in form, about 14 miles long and 8 wide, with
a depth of 1 to 6 fathoms inside, where are growing over the

shallower parts "huge masses of Astrcea, Gorgonia, Men•>,</'rinor,

repora palmata, which occasionally rise to the surface."

The reef is steep to the eastward a to the west-

ward. The structure is identical with that of the main Florida

reef, and those of the northern coast of Cuba. In Cuba evidence

of great elevation is seen in the <
\

'. reefs in

the hills surrounding Havana and extending to Matanzas, these

hills being 1200 feet high and consisting entirely of corals identical

in species with those now living.

Large numbers of siliceous sponges were brought up on the

Cuban coast, the living Favosites, "perhaps the most ii

coral ever dredged," together with many of the corals collected.

by Count Pourtales on the rocky plateau south of the Florida

reefs in 200 to 300 fathoms.
4. The Richmond Bowlder Trains.—These trains of bowlders,

first made known by Dr. Stephen Reid, and described by Prof.

Edward Hitchcock and later by Lyell, have been studied with care

by E. R. Benton, and a description and map of them, with an ex-

cellent discussion of the facts, is contained in Bulletin Nos. 2-3,

of vol. v, of the Museum of Comparative Zoologv, I

1878.

5. !>;*..•, r
:i >\f t>,. a, ,-, hind Shale in Delaware Count;/, < >!>'<<>:

by L. E. Hicks, Prof. Nat. Sci., Denison University, Granville,

Ohio. (Communicated.)—Among the subordinate questions con-

nected with the Waverly group are those arising from the attempt
to synchronise its sections in Southern and Central Ohio with that

at Cleveland, rrj based his subdivisions. This

section is as follows, beginning with the summit of the series

:
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Cuyahoga Shale 1 50to 250 feet thick.

Berea Grit 60 feet thick.

Bedford Shale 75 feet thick.

Cleveland Shale 2 L to 60 feet thick.

Of these four members, so well and distinctively developed in

Cuyahoga County, only the last uniformly retains its typical

character in Central and Southern Ohio. It is everywhere a'bhu-k

ales, spines and teeth of fishes, ami
shells of a small species <>f Lingida. Not only is it uniform, but

it is unique, both in respect to its fossils and its lithological

characters. In the latter particular, it is true, it closely resem-
bles the Huron shale (Devonian). But the tico never exist tog*, tkir

in immediate contact In Northern Ohio they are separated by
the Erie shale (Chemung) ; on the Ohio River by 1 47 feet of shales

and sandstones of the Lower Waverly ; and in Central Ohio by 15

to 100 feet of shales, siliceous limestone and sandstone.
On account of the great \ tri: ti :-

;
'. lithological aspect of the

other members, and the persistent uniformity of the Cleveland
shale, the latter is the only reliable guide in determining the rela-

tions of associated strata. I have just made the discovery that an
unmistakable outcrop of Cleveland shale exists two miles east of
SimUiry in Delaware County, Southern Ohio, on the land of
Horace Whitney. It lies above the calcareous sandrock of the
v

:

! ir\ quarries, which Prof. N. H. Winchell, a special assistant

on the Ohio geological survey, identified as Berea grit. My dis-

covery demonstrates the incorrectness of that identification, and
raises a strong presumption, amounting almost to a certainty,

that he was equally wrong in respect to his Berea grit in Morrow
and Crawford counties. I risk the prediction that the Cleveland
shale will yet be found to the east of the supposed Berea at Mt.
Gilead, Iberia and Leesville.

6. Jnr'txsir fnxsifs in the Coast Range of Jiriti.-h < 'ohm, bin.

—Mr. J. F. Whiteaves has described the Jurassic fossils collected
by Mr. G. M. Dawson, mostly from the vicinity of Iltasyouco
River, a tributary ot Salmon* River, and Sigutlat Lake. The
author concludes that nine of tie twentv-eight species are identi-

cal with those of Jurassic rocks of Dakota described by Meek,
namely: Gryph>r.a <•,,/,•, <>hi var. Nebrascensis, Camptonectes ex-

U'.nat,!*, Eninicmtis cirrt'i, Modioli I I ' >lsella) formosa, M. per-
tem/is, Grammatodon inornatus, Astarte fragilis, Pleuromya
s'i':li;,.t;.;,

t I'lonorbis veternus. The other species include Lima
dirplicota Sowerby, Utephanoceras Humphreysianum Sowerby,
Fi'iiro,,,,,., „,,;.,;,),* lJ.i-mcr. Asr.i-t. ,v/,//vV',.^ Meek, a species

described from Jurassic rocks of Nevada, Trigonia Bawsoni
Whiteaves, also identical with a Nevada species, a Belemnite*, ere.

The species are stated to be probably either Liassic or Lower
Oolite. Mr. Whiteaves remarks that the LTpper Trias is known
to extend from Mexico to British Columbia, ami that Mom.tis
*>ib>-:j;; f fnri*of Gabb has been found recently in the northern part

of Vancouver Island, on Peace River on the mainland, and on
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Upper Pine River east of the mountains ; and that the Jurassic

and Cretaceous seas were probably equally extensive ; that some
Texas Cretaceous species have been found in deposits of the same
age on Peace River and on Vancouver Island ; that during the

ftfesozoic there was no Rocky M nrating the

species east from those west.

7. Thesaurus Devonico-Carboniferus; The Flora and Fauna
of the Devonian and Carboniferous Periods, with large Addenda
(from recent acquisitions) ; by John J. Bigsbt, MJX, F.R.S.,

F.G.S. 448 pp. 4to. London, 1878. (J. Van Voorst.)—Ten
years have passed since the publication of the Thesaurus SilurictU

by Dr. Bigsby ; and now has appeared a volume still larger, and
borate and complete, on the Devonian and Carbonifer-

ous Periods. Like the former work, it gives tables of the names
of all known species of fossil plants and animals from the rocks

of the formations under consideration, and these tables are so

constructed as to exhibit the horizons of the species, their recur-

rences, localities, references to the places where described, and the

synonymy of genera and species. In addition, the author lays

down his deductions from a survey of the facts, describes sections

of the Devonian and Carboniferous in Great Britain, various

v< .lint
;ies of Europe, and in other parts of the world

;
gives lists of

the fossils of these countries, thirty in number, and a catalogue of

the works and memoirs on the subject. The volume is hence most
truly a " thesaurus," and will be so found by all American as well

as other geologists. The author observes that the number of

Silurian species known at the time of publication of his work
(February, 1878) is about 9500, of Devonian 5600, of Carbonifer-

°U
Dr.'

States bordering on the Great Lakes, and the country northward t

Hudson's Bay, and thus has had personal acquaintance with the

older American rocks and their fossils, and also with many Amer-
ican geologists.

III. Botany and Zoology.

1. The Native Floxcers and Ferns of the United States; by
Thomas Meehas. Illustrated by chromo-lithographs. Boston :

L. Prang & Co. Parts I and II, not dated, but issued in May, 1878.

Each part with 4 plates and 16 pages of letter-press. Imp. 8vo.

Published at 50 cents each.—From the title this work might be
thought to be a combination of Isaac Sprague's Wild Flowers of

America and Professor Eaton's Ferns of North America. But its

aim is somewhat different. There is no attempt to rival the ex-

quisiteness of these, and the size is smaller. The endeavor here is

to give good figures at a wonderfully low price. In the work on
Ferns we have three plates (many w'ith two species) for a dollar

;

here we have four for half the money. And the publishers, the
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well known
work well, c

the number of stones' used* and the number of color-

necessary to give the right effect. If we judged the draughtsman
from his representation of Anemone nemorosa we could highly

I his work. If we took those of Gekt
a as the type, we could do no such thing. But we have

an idea that the artist, Mr. Alois Lunzer, is not to be judged by
these, and that his capacity for improvement, already manifest,

has not reached its limits. It costs the lithographers no more to
work from first-class drawings, than from those of mediocre quality

;

and if they can afford to carry on the work at all at the present
rate, it will doubtless be very popular ; for it appeals to a large

class, and supplies a felt want. It is not the scientific botanist

who is addressed, so much as the numerous array of flower-lovers,

who wish to identify the plants they cultivate or observe, and that
'

1 the readiest and to them the chief practicable way, namely, by
* picture.

'
i suited to the plates by its equally popula

botanical lore and
has a remarkable aptitude* He has well proved his capacity for

such an enterprise as this ; but the rate at which it is to proceed,

calling for sixteen pages every fortnight, may task the powers of
the most energetic. In the rapid and discursive writing it calls

for, statements will often fall from the pen whi
<>r dw-riniiiiuii. :.. such as that on the first page, in which Tourne-
fort is joined with Linnaeus as having " made botany simple by
reducing the Latin names given to each plant to two, the generic

« eific." A semi-anachronism. On p. 20, describing the
blossom of the Blue Violet, and referring to the spur-like appen-
dages to the lower anthers, Mr. Meehan writes

:

u Some have contended that the projection is used as a lever,

which, on being raised by an insect in search of nectar, causes

pollen to be thrown on the insect's back, and the pollen is thus
taken to another, thus cross-fertilizing it ; but as in this Violet the

spur-membrane is so closely fitted to the 'lever' that it cannot

try these speculations arc." What
is included in " these speculations" is not further explained. But
this particular speculation is so out of keeping with the obvious
facts that we are >hould think it n..t only • imaginary" but till

now unimagined. Sprengel's speculations" upon the relations of
tiie violet, as reproduced by Lubbock, contain nothing

of this sort. His conjectures had the merit of being founded on
genuine observations, have been in great part confirmed, and
ought not to be set aside by silent I b an absurd
and " wholly imaginary" one.
Our criticism of details like these must be taken as expressive

of our earnest desire that a work like this, which seems likely to

succeed, and which has our best wishes, should be as free as possi-
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ble from flaws and short-comings. High art and exact science we
do not expect ; but completeness and substantial correctness may
be looked for. a. g.

2. Monographia 31etzgerioe ; auctore S. O. Lindberg. — A
pamphlet of 48 pages and two plates (leaf-sections), 8vo; gives

eleven species to this genus of Jlepaticce, besides two of Mr.

Austin's admitted as subspecies. Separate issue of a paper in the

Proceedings of the Fennian Society at Helsingfo
t till en Naturlig grupperung

af Europas J3ladmo**<>r ,.-* i t,p,,<>i*t<indi: Frukt. Program af

3. JBryinece Acrocarpce : JJikart till en Naturlig

S. O. Lindberg. Helsingfors, 1878.—A sketch of a new and nat-

ural arrangement of the Acrocarpic Mosses. a. g.

4. Ferns of Trinidad. — Mr. Augustus Fenpler, who began
his botanical work as a collector, thirty years ago, when he first ex-

plored the region of Santa Fe, New Mexico, and made an admira-

ble and well known collection, and who afterwards made still

larger collections in "Venezuela, is now resident in the Island of

Trinidad. He proposes to collect all the species of Ferns and
fern-like r

1

Curator of Harvard University Herbarium, Cambridge, Ma--.

The species will speedily be named by Professor Eaton, of Yale
College, and a printed list furnished. a. g.

5. Flora Brasiliensis, Fasc. 73, issued in October last, contains

the Lythraeew, by Koehne, of Berlin, a new collaborator, and
ly an able one. Under the genus Cuphea, of which the

Brazilian empire contains seventy-four species, the editor has

given a synopsis of all the known -i < •< -i<-. which will be very
useful, as many are in cultivation. Dr. Koehne is probably quite

right in his opinion that Lfftfo

to North America ; also that two or three species are to be dis-

tinguished among the plants referred to Lythrum alatum Pursh,

in Torrey and Gray's Flora of North America, and other works.
He follows Hiem m restoring the genus JRotala, which includes

Afnththf, Suffrenia, etc., and extends it to ta
and Bhyacophila (QuaftJn><i) also. Upon the propriety ..f this

we are not ready to pronounce ; but we are confident that the
separation from Ammania ought not to be made simply on the

difference in the dehiscence of the capsule and the Dumber *

flowers in the axils, thus throwing our two common United
States species into different genera. Nor has Ammania /><",> //'-'

valves, instead of irregular lateral bursting, well c
,

species from the A. latifolia. As to the latter species, it still ap-

pears most probable that it includes both a form with
stigma and prevailingly apetalons (A. latifolia of the Fl. Bras.,

J. Vnynlata Griseb, etc.,) and one with longer style (A. sanguin-



overlooked) that A. Wrightii Gray, belongs, and apparently A.
longipes of Wright also. Fasc. 74 does not invite particular remark.
It has the Humiriacece and Linem by Dr. I. Urban, also a new hand

;

and <).<'<dU.bttc<M, (reraniacece, and Vimaniaceoe, by Dr. A. Progel.
The key to the 108 Brazilian species of Oxalis comprises also
additional species of the adjacent regions. And a new genus of
two species, allied to Arerrfm.i, is dedicated to Dr. Eichler, the
excellent editor of this Flora. This fascicle is dated December,
1877; so that the present melius has priority over D. Hartog's
Mchleria, which is perhaps a better marked genus. a. g.

6. A Monograph of the Genus Lilium ; by Henry John
Kt.u ..-. F. LS., I'.Z.S. Illustrated by W. H. Fitch., F.L.S. Folio.

—Four parts of this truly magnificent contribution to Horticul-
tural Botany have reached us. Mr. Elwes has long been known
as a most successful and enthu.-da.stic euitivator of lilies and other
bulbous plants, and his collection of them is one of the most com-
plete in existence. Not only has he been a most assiduous and
enterprising collector of living plants, but he has known how to
turn his collections to the best use, and is doing for Lilium what
might, with equal advantage, be done for Iris, rro<-u* and Giodi-
olus, genera Station of species is attended with
much confusion and difficulty. In LiCttm. particularly, this diffi-

culty has been largely increased by the fact that lilies have, for

centuries, been favorite garden plants, and that many species have
become so changed by long cultivation that it has been impossible
to refer some existing forms to wild types without a thorough
study ot the whole LTeuus. including all garden forms as well as
their wild originals. This Mr. Elwes has undertaken, and his

monograph will he found an indispensable aid to a better under-
standing of the genus.
Of the thirty-two plates, which have already appeared, six are

devoted to North American species, those figured being Lilium
superbum; L. parvum of Kellogg, which is rightly considered a
BIMOieB, and not a western form of L. Canadense, to which other
European botanists have referred it: L. p<ird<d;„>im, the figure
very well repn senting Kellogg's typical plant, and not a variety,
as Mr. Elwes supposes (but the synonvms as given for this spe-
cies will require some further revision) ;" L. Humboldt i, a magnifi-
cent plate of one of the most distinct and beautiful of North
American lilies; L. Cattsb^i; L. Phihid-dphi-u,,,, and X. Car-
'hniu/mm, which is considered as a species distinct from L.
superbum, a view which is not shared by American botanists,
whose previous opinion of this plant must be rather confirr

J

than otherwise ' " ~ " J

represents a small" form of L. superbum.
curious fact " that all the American lilies, though varying remark-
ably among themselves, differ entireh in their bush-structure from
those of Europe and Asia, and the same peculiarity is noticeable
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among the American species of Fritillaria, which, as far as we
know them, have bulbs of small white and granular scales, loosely-

attached to a solid o liich the stem springs.

Of all the Old World Lilies and Fritillaries, only two, namely,
TJlhna in-enacenni and FritilUirhr K< ontschatkensis, resemble

their American congeners in the formation of their bulbs, and both

of these are restricted in th. ir ideographical limits to the shores of

Northeastern Asia, which have m .tanical and
zoological, with the 1 'acific coast of North America." Ear!, plate

is accompanied by two or three pages of letter-press, containing

a technical description of the species with a list of synonyms and
references to other figures, as well as all available information in

regard to its native habitat and mode of growth : also the his-

tory of its introduction into cultivation, and full cultural direc-

tions, derived from the author's own experience, and from that of

the most successful lily growers of Europe. When completed
the work will contain forty-eight colored plates, to which is to be
joined an introductory chapter, containing wood-cuts of bulbs and
other details, and a map showing the geographical distribution of

the genus. c. s. s.

7. Beitrage zur Keimungsgeschiehte der Schizceaceen. Dr. H.
Bauke. Extract from Prin.^heim's Jahrbucher, vol. xi, 1878.—
But little now remains to be studied with regard to the formation
of the prothalns in the different suborders of Ferns. Not 1

speak of tl

diacew, we have had within the last few years a

;

the numerous works on the development of the Polypo-

development of the genera Osmunda and Ceratopteris by Kny,
and we noticed in the number of this Journal for March a paper
by Goebel, on the prothallus of (i;/,n,">

:
/r-/n>,i» l<ptophylla.

iki and Rostafinski gave a description of the prothallus of

Hymenophyllum in the Proceedings of the Cherbourg Society.

In vol. x, of Pringsheim's Jahrbucher, Dr. Bauke gave an account

of the prothallus of the Cyatheacene as compared with that of the

other ferns, and that article is now supplemented by one on the
gei i.i it ion of the Schizceacece. Dr. Bauke studied 'it germi-

nation in several species of Aneimia and in Mohria <
' >j/r<:>-

rum. He differs from Burch who has recently studied the devel-

opment of the prothallu- it; Awimi-i in several respects, and he
does not consider that what Burch calls the '• pousse laterale nor-

mals " is in any sense a lateral shoot, but simply that the forma-
tion of the cushion, in which the archegonia are produced, is in

this case on the lateral margin of the prothallus rather than at the
central sinus, as in the Polypodiacem. Bauke states that,

although in general the prothallus of the Schizceacece differs from
that of the Polypodiacece, yet there are numerous variations

which connect the two suborders. w. g. f.

8. Ueber d>> U7»/ ,,kr-i„kf,eU unci Blat1flechenkr<i,,kh> it <hr

Citronenbdurne ; by Felix von Thumen.—The pamphlet bearing
the present title i» the latest contribution fr
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na. The botanist of the Station, Baron von Thumen,
tccount in Italian of two fungi, Jpiosporiam citre and
gibelliana which cause disease in the leaves of lemon

trees. Another publication of interest is the list of fungi which
are found on grape vines, of which the number of species is said to
be 224. It must be remarked, however, that many of the species
are not peculiar to the vine. w. g. f.

9. Bulletin of the United States Geological and Geographical
Survey of the Territories. Vol. IV, N o.' 2. Department of the
Interior.—This number of the Bulletin contains the following
papers : The Geographical Distribution of Mammals considered in

relation to the principal ontologieal n^'ions of the earth, and the
laws that govern the distribution of animal life, by J. A. Allen.

ms of new extinct Vertebrates from the tipper Tertiary
and Dakota formations, by E. D. Cope. Catalogue of the Fishes
of the fresh waters of North America, by D. S. Jordan. Descrip-
tion of a fossi io, by J. A. Allen (see page 382,
vol. xv, of this Journal). Coleoptera of the Alpine region of the
Rocky Mts., by J. L. LeConte. Orthoptera of Dakota and Mon-
tana, by C. Thomas. Hemiptera of Dakota and Montana, by
P. R. Uhler. Lepidoptera of Montana, by W. H. Edwards.
Fossil insects from the Tertiary of Colorado and Wyoming, by
S. H. Scudder. These fossils insects are a few out of a large num-
ber of species which Mr. Scudder has under examination. He
remarks that those from the Florissant Shales of Colorado indi-

cate strikingly a tropical relation. A fossil butterfly, which
he calls Prodryas Persiphone, is wonderfully perfect, the wings

as if in readiness for the cabinet, and even the form of
the scales are distinguishable under the microscope.

IV. Astronomy.

1. Observations of Comets made at the Sheffield Observatory
of Yale College / by H. A. Hazen and W. Beebe, with the ring
micrometer of the 8f inch refractor. (Latitude of observatoryss
41° 18' 35*; longitude=16 ra 30 s '0 E. of Washington.)—All the

»ns upon which the following results are based were
made with a power of 60. The ring-micrometer is one constructed
by Professor Lyman, and consists of several concentric rings. Of
these, only the two smallest were used ; and of the two, one or
the other was sometimes omitted, if observation was thereby

A complete transit across one ring, comprising two
ingresses and two egresses of each body, is considered as one
comparison. In estimating the weights, an observation derived
from six comparisons under fair conditions is assigned a weight of
2. This does not take into account, in case of comet c, the

trror, arising from the fact that the comet exhibited
oo d< tin,, l nucleus, nor has it any reference to the reliability of
the catalogue from which a star's place is derived.
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Arranging the recorded shocks according to the seasons the author
says: "If we take the 11th, 12th, and 1st months of the Japanese
old calendar as cold months, 5th, 6th and 7th as hot, and all the
others as mild, thru during the fifteen centuries, twenty-eight
great earthquakes have occurred in the cold months, forty-seven
in the hot, and -e\ enty-twoin the mild, or in other words, seventy-
five in the extreme seasons and seventy-two in the mild, the differ-

ence being only three." He also gives a curious description of an
early Chinese seismograph "invented hv Choko in the first year
of Yoka, (132 A. D.)" It is quoted from the Life of Choko in

Gokwanjo (History of Kwan), and is as follows.
" rri

- i seismograph consisted of a copper vessel. '

fas eight shaker or feet, and whose convex
dth characters, mountain turtles, birds andturtles, 1

there was one main piston in the middle with its eight branches,
wires and springs. On the outside of this vessel were eight
dragon heads, each of them having a copper ball in its full-opened
mouth. Under each of the dragon heads there was a frog looking
upwards with its mouth fully opened. The wire works and springs
were very skillfull v arranged in the vessel, hut the cover was very
closely fitted, and they could not he seen. Whenever the earth
shook, one of the dragons dropped the ball, the frog underneath
i-ecened it in its mouth, and produced a sound. By this means
the direction of the shocks was ascertained. Once one of the
dragons dropped its ball, 1

shock, and all the learned
worthiness of the machine; but after a few days a mail arrived
t'r-.m h'osei and reported the occurrence of an earthquake there,"

The different Japanese beliefs or superstitions about the cause
of earthquakes are also described. c. g. r.

2. American Association at St. Louis, Aug. 21.—The headquar-
ter ot the Association at St. Louis will be at the Lindell Hotel on
' !" Monday and Tuesday preceding the meeting, and afterward at
Armory Hall. All members planning to attend the meeting are
requested to communicate at once with Prof. J. K. Rees, who is

Secretary of the Local Committee. Communications relative to
membership, papers, and payments of assessments should be made
to the Permanent Secretary, F. W. Putnam, whose- address is

Salem, Mass., until Wednesday, Aug. 14, and after that time, St.

bonis. .Missouri. The h'r<r me, tin-- of the Standing Committee
will be at the Lindell Hotel, on Wednesday, Aug. 20, at 3 p. m.
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Arrangements for half fare on various railroads can be learned

<>t l>y addressing Win. Taussig, St. Louis.

3. Catalogue of Scientific Serial Publications.—An extended

catalogue ot Scientific Serials is soon to be issued under the auspi-

ces ot tlie Librarian of Harvard College. It has been prepared by

Mr. Samuel H. Scudder, Librarian of the American Academy of

Arts and Sciences. The work has double the extent of any exist-

ing list of the kind, and aims to include all Society Transactions

and independent journals in every branch of natural, mathemat-
ical and physical science, excepting only the applied sciences,

medicine, agriculture, technology, etc. The arrangement is based

on the countries and places where published. It will be a work of

great value to all libraries and men of science. The volume will

be in octavo, and extend to about 800 pages. Those desiring the

work should address Justin Winsor, Librarian of Harvard College,

Cambridge, Mass.

4. Principles of Machine Construction: an application of geo-

metrical drawingfor the representation <.>r Mo,-/,;,,, r ,j ; by Edwabd
Tomkins, edited by Henry Evers, LL.D. Vol. i, Text, 368 pp.

8vo; vol. ii, Plates, small quarto. New York, 1878. (G. P. Put-

nam's Sons—Putnam's Advance Science Series.)—A clearly written

and well arranged treatise, rendered the more useful by the numer-

ous illustrations in the text, and still more by the forty-seven excel-

lent plates.

5. Geological Survey of Victoria.—Decade 5 of the Paleon-

tology of Victoria, by Frederick M< Coy, has appeared. Among
the Victorian species mentioned is the graptolite, I)hlg,u,,gr<ipti/s

/Lo,/;, described by Hall from the Lower Silurian of Canada.
6. On the Paleozoic fossils of New South Wales ; by L. G.

dc. K.iMN'cK. 374 pp. 8vo, with an Atlas of 24 quarto plates.

—

This work is a complete review of the facts relating to the Paleo-

zoic fossils of New South Wales, and contains descriptions of 176

species. Besides this, it enumerates 76 species described by others,

of which the writer had not yet seen specimens. Out of the 176,

74 exist also in European rocks.

7. Mineralog i.-vfn; " llf l r ,;t,-o
:!

/.//, h, rau.t-

gegeben von G. Tsohermak ; Nene Folge, Bd. I, Heft 1. Vienna,
1878.—The Mineralogische Mittheilungen of Vienna, begun by
Professor Tschermak'in 1872 and published as a suppl
the Jahrbuch of the k. k. Geologische Reichsanstalt have
continued. In its place, the Journal, whose title is given above, is

to appear independently, in six numbers each year. The new
" Mittheilungen " are to be still under the able editorship of Pro-

fessor Tschcrmak, and will doubtless take even a more important
place among the publication- in this branch than the earlier

journal. The first number contains five excellent articles upon
various minera 1

al subjects.

8. Marine Zoological 'L>ih,„-atori^ f>r instruction of Students.

—A marine laboratory for zoological instruction is to be opened
at Fort Wool, on the Rip Raps, near Fortress Monroe, near the
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University, and the charge of Professor Brooks ; and anothei

Salem Neck, between Beverly and Salem Harbor, Massachusetts,
by J. H. Emerton and C. S. Minot, between June 1 and October
1, with the terms $20.00 a month.

9. Microscopical Society of San Francisco.—A bulletin from
this Society announces that the secretary, Mr. Clarke, will exchange
specimens from the diatom deposits of the Pacific Coast on receipt

of "any valuable microscopic material."

10. Earthquake of the South American Coast felt at the Rus-
sian Observatory at Pidlcowa.—In a communication to the
Academy of Sciences, St. Petersburg, Mr. Magnus Nyren of the

observatory at Pulkowa states that the great earthquake on the

coast of South America, in May of last year, was perceptible at

Pulkowa by a tremor of the instrument with which he was observ-
ing the passage of a star; that the tremor continued sufliciently

long to be satisfactorily verified, and that there was no disturb-

ance in the neighborhood by which it could have been occasioned.—Athenceum, May 25th.

11. Probable Distribution <>f u Spider by the Trade Winds.—
Rev. H. C. McCook states thai the s,„-»ti* e.nutnrius Linn., a
large laterigrade spider of the ballooning kind, occurs, according to

specimens in his private collection, from Santa Cruz, Virgin Isles.

to Cuba, Florida and Yucatan, Central America, Mexico and
Sandwich Islands, Loochoo Islands and Japan, and

thence across Asia and Africa to Liberia, and suggests, in view
of these fact- and ..rhei I... -aline- <»u n ci.nl. th it the trade winds
have promoted this distribution. Among the other localities,

are the Society Islands, Feejees, Friendly Islands, New Caledonia,
Eastern Australia, Mauritius, Madagascar, and several parts of

South America. He refers to a fact stated by Darwin, that, at a
distance of sixty miles from land, while the" Beagle was sailing

before a stead
v

'light breeze, the rising was covered with vast

numbers of small spiders with their webs, each, when first corning

in contact with the rigging, seated upon a single filament of

spider web, and so slenderly in some cases that a single breath of

air was found to bear them out of sight. Mr. McCook states that

tic specimens examined by him -how no ruriotbuis which may
not be accounted for " by differences in age, or which may not
come within those ordinary natural differences which all animals
more or less exhibit." But most of the specimens had lost their

colors in the alcohol in which they were preserved.

—

Proc. Acad.
Wak Set PktiatiL, is78, p. 136.

12. Polymicroscope.—A new improvement in the microscope is

reported from Germany. Heir I. von Lenhossek has constructed
~~i apparatus which permits no less thau sixty microscopical pre-

athout theparations being observed in immediate
trouble of changing the slides and readjustment
glass. Its construction is similar in principle to that of the well-

known revolving stereoscopes, and the inventor has given the new
apparatus the name of u polymicroscope."

—

Nature, June 6.
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13. The Telephone for Deaf Persons.—Having seen a paragraph
in Nature communicated by Mr. Severn, of Newcastle, New South
Wales, describing a method of using a telephone to enable .leaf

persons to hear, [have tried the experiment in the manner Mr.

Severn describes—by fastening a string to the parchment dia-

phragm of a simple* telephone made of wood, and carrying this

string round the forehead of the deaf person, who clasps the string

with both hands and presses them over his ears. The experiment
in this way was partially successful; the sound of the voice was
always heard, and some words were distinguished. Afterwards I

fastened a single string to the telephone and got the deaf person

to hold the string between his teeth. He then heard every word
distinctly, even when spoken in a low tone of voice at the whole
length of the room.

—

John Broxcnituj, in Xatun of June 13.

New works in Science, notices of which are unavoidably deferred.

Report on Astronomy and Bi in. of quarto

Reports of the U. S. ' Geographical Survey West of the 100th Meridian, under

Lieut. G. M. Wf. h 22 plates.
'':.-

338 pp. 8vo, with 12 plates. Harrisbursr. 1878.

2 pp. roy. 8vo. With 12 plates. Concord, N. H.

Report on Food-fishes, Fish-c

8vo. TJ. S. Commission of Fish

Report on Geological Survey of Canada, for 1876-77. ~~A. R. C. Selwyn, Direc-

Report on Forrestry, prepared under din aer of Agricul-

ture. By F. B. Hough. 650 pp. 8vo. Washington. 1878.

The Speaking- P< nograph an<

Prescott. 432 pp. 8vo, with n

K. Clifford, F.R.S. Part I

12mo. London. 1878. "(Macmillan & Co.)

Die Vereinigten Staaten von Nord America, von Dr. Friedr. Ratzel, Profes

der Erdkunde zu M Geographic xm& Ha
charakter. 668 pp. large 8 %•• ich. 1878.

Metasomatic Development of the Copper-boa rinc Rocks of Lake Superior.

R. Pmnpelly. 310 pp. 8vo. Proc. Am. Acad., vol. xiii.

Bulletin of the Bussey Institution of Harvard University. Vol. ii, Part

von Franz von Kobell. Elfte vermel

i Chemical Laboratory of the Johns Hopkins University. J

Report on the Hydroida collected during the Exploration of the Gulf Strean

L. F. de Pourtales, Assistant U. S. Coast Survey and forming No. 2 of vol. ^

the Memoirs of ti Harvard College, by G



\
<s ,V

m

. g ,

i f §

i i

£ «

i

. v, _K_ IT~^ >i\

p^g i \X ^)Yh
Ss wN s~% C*^

\ ) m - J

1

srs31 '

N

in

<
i





\
§93\ iiire









THE

AMERICAN

JOURNAL OF SCIENCE AND ARTS.

[THIRD SERIES.]

Art. IX.—Forest Geography and Archaeology: a Lecture delivered

before the II 1 Curusit,, Xotn, II , Society, April
18, 1878 ; by Asa Gkay.

.... It is the forests of the Northern temperate zone which
we are to trayeraa Alter taking some note of them in their
present condition and relations, we may enquire into their ped-
igree

; and, from a consideration of what and where the com-
ponent trees have been in days of old, derive some probable
explanation of peculiarities which otherwise seem inexplicable
and strange.

In speaking of our forests in their present condition, I mean
not exactly as they are to-day, but as they were before civil-

ized man had materially interfered with them. In the dis-

trict we inhabit such interference is so recent that we have lit-

tle difficulty in conceiving the conditions which here prevailed,
a few generations ago, when the " forest primeval"—described
in the first lines of a familiar poem—covered essentially the
whole country, from the Gulf of St. Lawrence and Canada to

id Texas, from the Atlantic to beyond the Missis-
sippi. This, our Atlantic forest, is one of the largest and
almost the richest of the temperate forests of the world. That
is, it comprises a greater diversity of species than any other,
except one.

In crossing the country from the Atlantic westward, we
leave this forest behind us when we pass the western borders
of those organized States which lie along the right bank of the
Mississippi. We exchange it for prairies and open plains,
wooded only along the water-courses,—plains which grow more
Am. Jocb. Sci.-Third Sebies, Vol. XVI, No. 92.—August, 1878.
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and more bare and less green as we proceed westward, with
only some scattering cotton woods (i. e. poplars) on the imme-
diate banks of the traversing rivers, which are themselves far

between.

In the Eocky Mountains we come again to forest, but only

in narrow lines or patches; and if you travel by the Pacific

Eailroad you hardly come to any; the eastern and the interior-

desert plains meet along the comparatively low level of the

divide which here is so opportune for the railway ; but both

north and south of this line the mountains themselves are

fairly wooded. Beyond, through all the wide interior basin,

and also north and south of it, the numerous mount;
seem to be as bare as the alkaline plains they traverse, mostly
north and south ; and the plains bear nothing taller than sage-

brush. But those who reach and climb these mountains find

that their ravines and higher recesses nourish no small amount
of timber, though the trees themselves are mostly small and
always low.

When the western rim of this great basin is reached there is

an abrupt change of scene. This rim is formed of the Sierra

Nevada. Even its eastern slopes are forest-clad in great meas-
ure ; while the western bear in some respects the noblest and
most remarkable forest of the world ;—remarkable even for the

number of species of evergreen trees occupying a com
\

narrow area, but especially for their wonderful devei

size and altitude. Whatever may be claimed for individual
,.-trees in certain sheltered ravines of the southern

part of Australia, it is probable that there is no forest to be
compared for grandeur with that which stretches, essentially

unbroken,—though often narrowed, and nowhere very wide,

—

from the southern part of the Sierra Nevada in lat. 36° to

Puget Sound beyond lat. 49°, and not a little farther.

Descending into the long valley of California, the forest

changes, dwindles, and mainly disappears. In the Pacific

Coast Ranges, it resumes its sway, with altered features, some
of them not less magnificent and of greater beauty. The Red-
woods of the coast, for instance, are little less gigantic than the

Big-trees of the Sierra Nevada, and far handsomer, and a thou-

sand times more numerous. And several species which are

merely or mainly shrubs in the drier Sierra, become lordly

trees in the moister air of the northerly coast ranges. Through
most of California these two Pacific forests are separate ;

in

the northern part of that State they join, and form one rich

woodland belt, skirting the Pacific, backed by the Cascade
Mountains, and extending through British Columbia into our

Alaskan territory.

So we have two forest-regions in North America,—an Atlan-
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a Pacific. They may take these names, for they are

ndent upon the oceans 'which they respectively border,

m intermediate isolated region or isolated lines

of forest, flanked on both sides by bare and arid plains,—plains
which on the eastern side may partly be called prairies,—on the

This mid-region mountain forest is intersected by a trans-

verse belt of arid and alkaline plateau, or eastward of grassy
plain—a hundred miles wide from north to south,—through
which passes the Union Pacific Eailroad. This divides the

Rocky-mountain forest into a southern and a northern portion.

The southern is completely isolated. The northern, in a cooler

and less arid region, is larger, broader, more diffused. Trend-
ing westward, on and beyond the northern boundary of the

United States, it approaches, and here and there unites with,

the Pacific forest. Eastward, in Northern British territory, it

makes a narrow junction with northwestward prolongations of
the broad Atlantic forest.

So much for these forests as a whole, their position, their

limits. Before we glance at their distinguishing features and
component trees, I should here answer the question, why they

occupy the positions they do ;—why so curtailed and separated

at the south, so much 'more diffused at the north, but still so

strongly divided into eastern and western. Yet I must not

consume time with the rudiments of physical geography and
meteorology. It goes without saying that trees are nourished
by moisture. They starve with dryness and they starve with
cold. A tree is a sensitive thing. With its great spread of

foliage, its vast amount of surface which it cannot diminish or

change, except by losing that whereby it lives, it is completely
and helplessly exposed to every atmospheric change ; or at

least its resources for adaptation are very limited ; and it can-
not flee for shelter. But trees are social, and their gregarious
habits give a certain mutual support A tree by itself is

doomed, where a forest, once established, is comparatively

Trees vary as widely as do other plants in their constitu-

tion
; but none can withstand a certain amount of cold and

other exposure, nor make head against a certain shortness of

summer. Our high northern regions are therefore treeless;

and so are the summits of high mountains in lower latitudes.

As we ascend them we walk at first under spruces and fir-trees

or birches ; at 6,000 feet on the White Mountains of New
Hampshire, at 11 or 12,000 feet on the Colorado Rocky Mount-
ain-, ire walk through or upon them; sometimes upon dwarfed
and depressed individuals of the same species that made the
canopy below. These depressed trees retain their hold on life
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only in virtue of being covered all winter by snow. At still

higher altitude the species are wholly different; and for the

most part these humble alpine plants of our temperate zone

—

which we cannot call trees, because they are only a foot or two
or a span or two high—are the same as those of the arctic

zone, of northern Labrador, and of Greenland. The arctic and
the alpine regions are equally unwooded from cold.

As the opposite extreme, under opposite conditions, look to

equatorial America, on the Atlantic side, for the widest and
most luxuriant forest-tract in the world, where winter is

unknown, and a shower of rain falls almost every afternoon.

The size of the Amazon and Orinoco—brimming throughout
the year—testifies to the abundance of rain and its equable
distribution.

The other side of the Andes, mostly farther south, shows the

absolute contrast, in the want of rain, and absence of forest;

happily it is a narrow tract. The same is true of great tracts

either side of the equatorial regions, the only district where
great deserts reach the ocean.

It is also true of great continental interiors out of the equa-
torial belt, except where cloud -compelling mountain-chains
coerce a certain deposition of moisture from air which could
give none to the heated plains below. So the broad interior

of our country is forestless from dryness in our latitude, as the

high northern zone is forestless from cold.

Regions with distributed rain are naturally forest-clad.

Regions with scanty rain, and at one season, are forestless or

sparsely wooded, except they have some favoring compensa-
tions. Eainless regions are desert.

The Atlantic United States in the zone of variable weather
and distributed rains, and the Gulf of Mexico as a caldron for

brewing rain, and no continental expanse between that great

caldron and the Pacific, crossed by a prevalent southwest wind
in summer, is greatly favored for summer as well as winter rain.

And so this forest region of ours, with annual rain-fall of

fifty inches on the Lower Mississippi, fifty-two inches in all the

country east of it bordering the Gulf of Mexico, forty-fiv '

forty-one in all the proper Atlantic district from East Florida
to Maine, and the whole region drained by the Ohio,—dimin-
ished only to thirty-four inches on the whole Uppe:
nd Great Lake region,—with this amount of rain, fairly dis-

tributed over the year, and the greater part not in the winter,

our forest is well accounted for.

The narrow district occupied by the Pacific forest has a

much more unequal rainfall, more unequal in its different parts,

most unequal in the different seasons of the year, verv different

in the same place in different years.
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From the Gulf of Mexico to the Gulf of St. Lawrence, the
amount of rain decreases moderately and rather regularly from
south to north ; but, as less is needed in a cold climate, there

is enough to nourish forest throughout. On the Pacific coast.

from the Gulf of California to Puget Sound, the southerly
third has almost no rain at all ; the middle portion less than
our Atlantic least; the northern third has about our Atlantic

average.

Then, New England has about the

more in the thn*
fairly equable distribution. But on the Pacific coast there is

no summer rain at all, except in the northern portion, and
there little. And the winter rain, of forty-four inches on the

northern border, diminishes to less than one-half before reaching

the Bay of San Francisco ; dwindles to twelve, ten, and eight

inches on the southern coast, and to four inches before we
reach the United States boundary below San Diego.

Taking the whole year together, and confining ourselves to

the coast, th< for the year, from Puget Sound
to the border of California, is from eighty inches at the north to

seventy at the south, i. e., seventy on the northern edge of Cali-

fornia ; thence it diminishes rapidly to thirty -six, twenty (about
San Francisco), twelve, and at San Diego to eight inches.

The two rainiest regions of the United States are the Pacific

coast north of latitude forty-five, and the northeastern coast

and borders of the Gulf of Mexico. But when one is rainy

the other is comparatively rainless. For while this Pacific

rainy region has only from twelve to two inches of its rain in

the summer months, Florida, out of its forty to sixty, has
twenty to twenty-six in summer, and only six to ten of it in

the winter months.
Again, the diminution of rain-fall as we proceed inland from

the Atlantic and Gulf shores, is gradual ; the expanse that is

or was forest-clad is very broad, and we wonder only that it

did not extend farther west than it does.

On the other side of the contiuent, at the north, the district

so favored with winter rain is but a narrow strip, between
the ocean and the Cascade Mountains. East of the latter, the
amount abruptly declines,—for the year from eighty inches to

sixteen ; for the winter months, from forty-four and forty to

eight and four inches ; for the summer months, from twelve and
four to two and one.
So we can understand why the Cascade Mountains abruptly

separate dense and tall forest on the west from treelessneas on
the east. We may conjecture, also, why this North Pacific

forest is so magnificent in its devolopment.
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Equally, in the rapid decrease of rain-fall southward, in its

corresponding restriction to one season, in the continuation of

the Cascade Mountains as the Sierra Nevada, cutting off access

of rain to the interior, in the unbroken stretch of coast ranges

near the sea, and the consequent small and precarious rain-fall

in the great interior valley of California, we see reasons why
the Californian forest is mainly attenuated southward into

two lines,—into two files of a narrow but lordly procession,

advancing southward along the coast ranges, and along the

western flank of the Sierra Nevada, leaving the long valley

between comparatively bare of trees.

By the limited and precarious rain -fall of California, we may
account for the limitations of its forest. But how shall we
account for the fact that this district of comparatively little

rain produces the largest trees in the world ? Not only pro-

duces, alone of all the world, those two peculiar big trees which
excite our special wonder,—their extraordinary growth might
be some idiosyncracy of a race,—but also produces pines and
fir-trees, whose brethren we know, and whose capabilities we
can estimate, upon a scale only less gigantic. Evidently there

is something here wonderfully favorable to the development of

trees, especially of coniferous trees; and it is not easy to deter-

mine what it can be.

Nor, indeed, does the rain-fall of the coast of Oregon, great

as it is, fully account for the extraordinary development of its

forest ; for the rain is nearly all in the winter, very little in

summer. Yet here is more timber to the acre than in any
other part of North America, or perhaps in any other part of

the world. The trees are never so enormous in girth as some
of the Californian, but are of equal height—at least on the

average— three hundred feet being common, and they stand

almost within arms' length of each other.

The explanation of all this may mainly be found in the great

climatic differences between the Pacific and the Atlantic sides of

the continent; and the explanation of these differences is found
in the difference in the winds and the great ocean currents.

The winds are from the ocean to the land all the year round,

from northwesterly in summer, southwesterly in winter. And
the great Pacific Gulf-stream sweeps toward and along the

coast, instead of bearing away from it, as on our Atlantic side.

The winters are mild and short, and are to a great extent a

season of growth, instead of suspension of growth as with us.

So there is a far longer season available to tree-vegetation than

with us, during all of which trees may either grow or accumu-
late the materials for growth. On our side of the continent

and in this latitude, trees use the whole autumn in getting

ready for a six-months winter, which is completely lost time.
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Finally, j

made up by the moisture
every summer afternoon wrap 1

which these forests affect, with mist and fog. The Eedwood,
one of the two California big trees,—the handsomest and far

the most abundant and useful,—is restricted to these coast-

ranges, bathed with soft showers fresh from the ocean all win-
ter, and with fogs and moist ocean air all summer. It is

nowhere found beyond the reach of these fogs. South of

Monterey, where this summer condensation lessens, and winter
rains become precarious, the Kedwoods disappear, and the gen-

eral forest becomes restricted to favorable stations on mountain
sides and summits The whole coast is bordered by at

line of mountains, which condense the moisture of the sea-breezes

upon their cool slopes and summits. These winds, continuing
eastward, descend dry into the valleys, and warming as they

valleys, when broad, are sparsely wooded or woodless, except
at the north, where summer-rain is not very rare.

Beyond stretches the Sierra Nevada, all rainless in summer,
except local hail-storms and snow-falls on its higher crests and
peaks. Yet its flanks are forest-clad ; and, between the levels of

3,000 and 9,000 feet, they bear an ample growth of the largest

coniferous trees known. In favored spots of this forest—and only
there—are found those groves of the giant Sequoia, near kin

of the Eedwood of the coast-ranges, whose trunks are from
fifty to ninety feet in circumference, and height from two
hundred to three hundred and twenty-five feet. And in reach-

ing these wondrous trees you ride through miles of sagarrpinea,

yellow pines, spruces and firs, of such magnificence in girth and
height, that the big trees, when reached—astonishing as they
are—seem not out of keeping with their surroundings.

I cannot pretend to account for the extreme magnificence of

this sierra-forest Its rain-fall is in winter, and of unknown
but large amount. Doubtless most of it is in snow, of which
fifty or sixty feet falls in some winters ; and—different from
the coast and in Oregon, where it falls as rain, and at a tem-
perature which does not suspend vegetable action,—here the

winter must be complete cessation. But with such great snow-
fall the supply of moisture to the soil should be abundant and
lasting.

Then the Sierra—much loftier than the coast ranges—rising

from 7,000 or 8,000 to 11,000 and 14,000 feet—is refi

summer by the winds from the Pacific, from which it takes the
last drops • ire; and mountains of such alti-

tude, to which moisture from whatever source or direction

must necessarily be attracted, are always expected to support
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forests,—at least when not cut off from sea-winds by interposed

chains of equal altitude. Trees such mountains will have. The
only and the real wonder is, that the Sierra Nevada should rear

Moreover, we shall see, that this forest is rich and superb

only in one line; that, beyond one favorite tribe, it is meagre
enough. Such for situation, and extent, and surrounding con-

ditions, are the two forests—the Atlantic and Pacific—which
are to be compared.

In order to come to this comparison, I must refrain from all

account of the intervening forest of the Rocky Mountains,

—

only saying, that it is comparatively poor in the size of its

trees and the number of species; that few of its species are

peculiar, and those mostly in the southern part, and of the

Mexican plateau type; that they are common to the mountain-
' ween, stretched north and south <

all through that arid or desert region of Utah and Nevada,
of which the larger part belongs to the great basin between the

Rocky Mountains and the Sierra Nevada : that most of the

Rocky Mountain trees peeies with those of the

Pacific forest, except far north, where a few of our eastern ones
are intermingled. I may add that the Rocky Mountains proper

get from twelve to twenty inches of rain in the year, mostly in

But the interior mountains get little, and the plains or val-

leys between them less; the Sierra arresting nearly all the

moisture coming from the Pacific, the Rocky Mountains all

coming from the Atlantic side.

Forests being my subject, I must not tarry on the woodless
plain—on an average 500 miles wide—which lies between what
forest there is in the Rocky Mountains and the western border
of our eastern wooded region. Why this great sloping plain

should be woodless—except where some cotton-woods and
their like mark the course of the traversing rivers—is, on the

whole evident enough. Great interior plains in tern;

tudes are always woodless, even when not very arid. This of

ours is not arid to the degree that the corresponding regions

west of the Rocky Mountains are. The moisture from the

Pacific which those would otherwise share, is—as we have
seen—arrested on or near the western border, by the coast-

ranges and again by the Sierra Nevada ; and so the interior

(except for the mountains), is all but desert.

On the eastern side of the continent, the moisture supplied
by the Atlantic and the Gulf of M< -x

:

.-.. m.'-ts • ,. <nch obstruc-

tion. So the diminution of rain-fall is gradual instead of

abrupt. But this moisture is spread over a vast surface, and it
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and least on the remote interior. From the lower M
eastward and northward, including the Ohio Eiver basin, and
so to the coast, and up to Nova Scotia, there is an average
of forty-seven inches of rain in the year. This di

rather steadily westward, especially northwestward, and the
i border of the ultra-Mississippiai plain gets less than

deed, from the great prevalence of westerly and southerly
winds, what precipitation of moisture there is"on our western
plains is not from Atlantic sources, nor much from the Gulf.
The rain-chart plainly shows that the water raised from the
heated Gulf is mainly carried northward and eastward. It is this

which has given us the Atlantic forest region ; and it is the limi-

tation of this which bounds that forest at the west. The line on
the rain-chart indicating twenty-four inches of annual rain is

not far from the line of the western limit of trees, except far

north, beyond the Great Lakes, where, in the coolness of high
h in the coolness of mountains, a less amount of

rain-fall suffices for forest growth.
We see, then, why our great plains grow bare as we proceed

from the Mississippi westward ; though we wonder why this

should take place so soon and so abruptly as it does. But, as
already stated, the general course of the wind-bearing rains
from the Gulf and beyond is such as to water well the Missis-
sippi valley and all eastward, but not the district west of it.

It does not altogether follow that, because rain or its equiva-
lent is needed for forest, therefore wherever there is rain

enough, forest must needs cover the ground. At least there
are some curious exceptions to such a general rule,—excep-
tions both ways. In the Sierra Nevada we are confronted with
a stately forest along with a scantv rain-fall, wirh rain only in
the three winter months. All summer long, under those lofty
trees, if you stir up the soil you may be choked with dust.
On the other hand, the prairies of Iowa and Illinois, which
form deep bays or great islands in our own forest-region, are
spread under 'skies which drop more rain than probably ever
falls on the slopes of the Sierra Nevada, and give it at all sea-
sons. Under the lesser and brief rains we have the loftiest

trees we know : under the more copious and well-dispersed rain,
Wl

;

\\m e prairii s. without forest at all.

There is little more to say about the first part of this para-
dox

; and I have not much to say about the other. The cause
or origin of our prairies—of the unwooded districts this side
of the Mississippi and Missouri—has been much discussed, and
a whole hour would be needed to crive a fair account of the

-a-s taken
settled thins
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owing to a deficiency of rain. That, the rain-charts settle, as

Professor Whitney well insists.

The prairies which indent or are enclosed in oar Atlantic

forest-region, and the plains beyond this region, are different

things. But, as the one borders—and in Iowa and Nebraska
passes into—the other, it may be supposed that common causes

have influenced both together, perhaps more than Professor

Whitney allows.

He thinks that the extreme fineness and depth of the usual

prairie soil will account for the absence of trees ; and Mr. Les-

quereux equally explains it by the nature of the soil, in a dif-

ferent way. These, and other excellent observers, scout the

idea that immemorial burnings, in autumn and spring, have

had any effect. Professor Shaler, from his observations in the

border land of Kentucky, thinks that they have,—that there

are indications there of comparatively recent conversion of

oak-openings into prairie, and now—since the burnings are

over—of the reconversion of prairie into woodland.
I am disposed, on general considerations, to think that the

line of demarcation between our woods and our plains is not

where it was drawn by nature. Here, when no physical bar-

rier is interposed between the ground that receives rain enough
for forest, and that which receives too little, there must be a

debateable border, where comparatively slight causes will turn

the scale either way. Difference in soil and difference in expo-

sure will here tell decisively. And along this border, annual
burnings—for the purpose of increasing and improving buffalo-

feed—practiced for hundreds of years by our nomade prede-

cessors, may have had a very marked effect. T suspect that

the irregular border line may have in this way been rendered

more irregular, and have been carried farther eastward wher-

ever nature of soil or circumstances of exposure predisposed

It does not follow that trees would re-occupy the land when
the operation that destroyed them, or kept them down, ceased.

The established turf or other occupation of the soil, and the

sweeping winds, might prevent that The difficulty of reforest-

ing bleak New England coasts, which were originally well

wooded, is well known. It is equally, but probably not more
difficult to establish forest on an Iowa prairie, with proper
selection of trees.

[To be continued.]
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Art. X.—On the Structure and Origin of Mountains, with special

reference to recent objections to the
" Contr-actional Theory ;" by

Joseph LeConte.

(Read before the National Academy of Sciences, April 19, 1878.)

In order to write intelligibly on this subject it is necessary
first of all to define clearly in what sense we snail use the word
mountain. In popular and even in scientific language this

word is used to express every considerable elevation above the
general level of the earth surface, whatever be its extent or its

mode of origin. It is applied equally to a complex system of

ranges formed at different times, such as the Andes, the North
American Cordilleras, or the Appalachian ; or to each one of
the components of such a system, as for example the Coast
Range, the Sierra or the Wahsatch ; or to each one of the com-
ponent parts of these components, or even to separate isolated

peaks upon these last whether formed by erosion or by vol-

canic ejections. In this paper I shall call an aggregate of

ranges formed at different times a mountain system or chain.

Each monogenelic* component of such a system, such as the Sierra
I shall call a Range. The components of these again, whether
formed by erosion or by foldings, or bv fissures and slips, I
shall call Ridges. Isolated peaks, whether of erosion or of

volcanic ejections, are so obviously distinct in their mode of

origin, that they need not trouble us in this discussion.
Now, a theorv of mountain-formation is essentially a theory of

the formation of Ranges. For, on the one hand a mountain-
system is but an aggregate of ranges more or less parallel to

each other in the same general region but formed at different

times, and the addition of range to range in the formation of
such a polygenetic system, even though there may be a general
"bulging of the whole region, introduces no new element in the
discussion

; and on the other hand the subsequent formation of
ndges and peaks by erosion belong not to the category of
mountain formation at all, but to that of mountain-sculpture.
Sometimes, it is true, ridges are formed also by faulting, but
m all cases they are subsequent to the formation of the mountain
proper—in all cases they belong to the categorv of mountain
decay, not to that of mountain-origin. It seems to me that
much of the refined classifications, and of the minute divisions

visions of types of mountains, in which some recent

nre indulged is the result of an imperfect recognition
of the distinctions enforced above. Limited, as above, moun-
tain ranges are, I believe, always formed by horizontal pressure

debttl
WCU C

.

hosen word often helPs grea% to clear up a subject. We are in-
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crushing the strata together and thus producing fold

thickening and consequent elevation. In what I shall say of

mountain-structure I shall be compelled for the sake of clear-

ness to assume this. I hope to justify this assumption in what
I shall subsequently s&y on mountain-origin.

I. Mountain-Structure.

Mountain ranges may be conveniently divided into two gen-

eral classes which, however, graduate completely into each

other, viz: those which are composed of a .-in;/t, u„tir!nud

fold, and those which are composed of a number of folds

linal, either open, as in the Jura,

or closely appressed, as in the Appalachian, the Coast Range,
the Alps, and many others. The one kind is formed where the

earth crust is more rigid, the other where it yields more readily

to the horizontal pressure. Both kinds are greatly modified,

sometimes by metamorphism, sometimes by faulting, sometimes
by volcanic outbursts, and always by subsequent erosion.

1. Mountains of a single fold.—The simplest conceivable

mountain range consists of a single anticlinal fold of a series

of strata. In such cases the deeper strata of the series are

thickened and swelled upward by the horizontal

while the upper strata are raised into a vault \

thickening, or may even be thinned and broken by 1

Nearly always the yielding is greater on one side than on the

other; so that the vault is unsymmetrical. In such cases a

great fissure and slip is apt to occur on the steeper side. The
following figure (fig. 1) is an ideal section of such a mountain

before erosion had modified

its form, or rather (since up-

swelling and erosion goes on

together pari passu) as it

would be if restored. Now it

is evident that in the forma-

tion of such a vault, fissures

would almost certainly be

formed; and if beneath the

vault there should exist a

mass of fused or semi-fused

matter (sub-mountain molten

matter), formed either by the

invasion of the deeper sediments with, their included waters,

by the interior heat of the earth during the preparatory process

of sedimentation, or by the heat evolved by crushing in the act

of formation itself of the mountain, dislocations would be apt

to occur : and further, both the fissures and the faults would
be most apt to occur just where the bending of the strata is
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greatest, viz : on the side of the steeper slope. Such a fault is

ideally represented in figure 2.

But very few great mountain ranges belong to this simpler
type. Perhaps the best illustration which can be found is the
Uintah Mountains. The figure given above (fig. 1) may be
taken as an ideal simplified restoration of the outline and
structure of this mountain. This simple structure, however, is

complicated in a portion of its extent by a prodigious fault of
20,000 feet on the north or origil iust where
the bend of the strata is greatest, as in the ideal figure (fig. 2).

Figure 3 is a perspective view taken from Powell, showing in

the lower part the amount of

e, 25,000 feet in thickness,

le uprising region be extremely

1 of being forty or fifty miles

lr th«- the

i the case
of the Uintah .Mortmains, may be a" hundred or several hundred
miles across. In such case a great plat*

of Dana). And since an arch of such extent, whether filled or
unfilled beneath with fused or semi-fused matter, cannot sus-

tain itself, such elevated plateaus are peculiarly liable to fis-

reaking down of the arch, and to slips' by gravitative

r tii. broken
|
arts. If such faults be of compara-

tively recent origin, or occur in a region where erosion is ex-
ceptionally small, then they will form conspicuous escarpments
or even conspicuous mountsdn-ridges in the general direction of

Section east and west across a portion of Utah. (After Howell),

the axis of the uplift. Such is evidently the origin of the
north and south escarpments of the plateau-region described by
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Powell (fig. 4), and of the north and south raonoclr
i the Basin-region described by Gilbert and Howell

(fig. 5). These mountains are evidently formed by the break-

ng down of a great arch (geanticline). Perhaps the arching

down may have gone on together pari passu.

certainly the whole arch must be regarded i

tic upheaval and therefore corresponds to what I have
called a Range, and the so-called north and south ratine- are not

ranges but ridges.

Again: a simple anticlinal fold such as I have described,

may be greatly modified by metamorphism. This is especially

apt to be the case if the strata be very thick and the fold be
narrow and high ; that is, if the compression in a given space

and therefore the heal of compression be very great. If now,

ta along the

line of greatest compression, be subjected to profound erosion,

it forms a common type of mountain, viz: one consisl

granite or highly metamorphic axis flanked on either side with

r. a corresponding to each other. The early geologists

held, and many even now hold, that in such cases the granite

6
axis was pushed up through
the broken and pa

ta. But it is far\nore prob-

able in all cases, and certain

in many eases, that the weak-
ened and broken - backed

has been cut away, and the deeper-seated and there-

fore metamorphic and therefore also harder strata have been
exposed along the axis, as shown in the ideal section, figure 6.

2. Mountains of many folds.—We have thus far spoken only

of mountains consisting of a single anticlinal fold modified by
metamorphism, by faults and by subsequent erosion. But
great mountain ranges most commonly consist of many folds,

?
alternately anticlinal and syn-

clinal ; either open as the case

of the Jura or more usually

rom San closely appressed as in the Ap-
Valley, palachian, the Coast range of

showing plication by horizontal press-
California, and the Alps. The
structure of the Appalachian is

well known and therefore needs no illustration. The Coast
range of California, as I have shown (this Journ., ii, 297, 1876)
consists of at least five anticlines and as many synclines closely

appressed so that fifteen to eighteen miles of original sea-bottom
is compressed into six miles. As this range may be regarded
as the type of this class I introduce here the section used in the

paper referred to. The structu re of the Alps is similar but even
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)mplex. Renevier has recently shown* that the Vaudoise
ansist of seven anticlines and synclines closely appressed

often even overturned. The fan-structure so common in

which the horizontal mashing has been extreme is

probably in most cases, the result of an arch strongly pressed
it the base, spreading at the top by its weight, and per-

haps broken by tension, and the whole powerfully eroded, as

shown in the ideal diagram, fig. 8. This is the view now taken
by Favre, by Lory, by Heim and Giordano and other Alpine
geologists,f A similar structure, however, may result also from
the erosion of a closely appressed syncline, as shown in fig. 9.

aay be produced by
erosion of an anticline.

The kind of mountains just described and of which the

Coast Range may be taken as the simplest type, is that which
is always formed when the crust of the earth yields sufficiently

easily to the horizontally-acting mountain-making force. Of
course in such cases the whole mass of crumpled strata is

swelled up into a great anticline composed of many smaller

alternate anticlines and synclines, like a great wave on which
ride many smaller waves. Now, since all the grandest moun-
tain ranges belong to this type, since in these the amount of

horizontal compression and therefore the vertical up-swelling is

the greatest, it is evident that in these also we find the greatest

modifications by contemporaneous metamorphism and by sub-

sequent erosion. These are also equally, with the other kind,

subject to fissures and slips ; but the slips in this case are not
usually drops, by gravitative adjustment, but push-overs by hori-

zontal pressure. Tin- t kinds of slips : In the
one, the more common or normal, the strata drop on the hang-
ing-wall side of the fissure, in the other or reverse fault, the
strata on the hanging-wall side is slidden up and over the other
side by the sheer force of the horizontal pressure. The former
is characteristic of more gentle foldings and is shown in the
figure already given (fig. 5) from the Plateau region ; the latter

ischarachi: togs, and is well shown in many
of the faults of the Appalachian chain, especially in that of

* Archives d< - ><..>,, f ... -,.
i iix. p. 5. 1877.

f Ibid., vol. xlvi, 301 ; vol. xlix, *9.
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Southern Virginia, described by Rogers and figured by Lesley.

It is probable that many early-formed mountain ranges be-

ing only highly metamorphic and crumpled strata to attest

their former existence and place. These are in fact extinct

mountains—their forms are gone ; only their buried and fossil-

ized skeletons remain.

Again: in all mountain ranges, but especially in those of

this type, the great swell constituting the range, and often also

the subordinate wavelets, are unsymmetrical, the slope on one
side being long and gentle, and on the other short and abrupt.

The crest is near one side: the wave is, as it were, ready to

break, or has already broken. This asymmetric form has

been shown by Suess to exist in the Alps, the Appenines, the

Carpathians, the Jura, the Caucasus and nearly all conspicuous'

s. It is admirably shown in the Sierra, the Appa-
lachian, and to a less extent in the Uintah. It may be
regarded as the typical form of a monogenetic upheaval
(Range). On the steeper side, on account of the great fractures

which occur there, the greatest volcanic outbursts are usually

The Sierra Nevada may be taken as a typical example both
in form and in structure of a monogenetic upheaval, or what I

have called a Range. As to form: this range rises on its

western side from the San Joaquin plains, only about a hun-
dred feet above sea level, by a very gradual slope of fifty to

seventy miles in length, until it reaches a crest 12,000 to 15^000
feet in height, and then plunges down by a steep slope which
reaches the plains of Lake Mono, or Owen's River vu
feet high in six or seven miles. As to structure: it consists of a

sis twenty to twenty-five miles wide, flanked on
either side by slates and schists dipping at a high angle. Fig.

10 is a generalized section of the Sierra, from the San Joaquin
plains, S. J. P., to Lake Mono, L. M., showing the typical con-

tour of a mountain range.

On the long western slope

the slates and schists outcrop

nearly perpendicularly (in

many parts, in fact, under-

dipping the range) for thirty

or forty miles, then there

occurs a broad interval of granite, twenty to twenty-five miles

wide, after which the slates reappear, forming the highest sum-
mits, such as Mounts Lyell and Dana, and the whole eastern

slope. So simple appears the structure of this mountain, that

we might imagine that it consists of only one grand fold, eroded
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along its crest until the granite is exposed, and thus that it falls

under the first type. But this is probably not so, because forty

miles of slates and schists outcroppingat high angle would
give an incredible thicknus.s - rd them as
a single unrepeated series. It is probable, therefore, that these

-hites really consist 11.

of several closely appressed ,..-""-<..,

folds, afterward deeply eroded .. / ...---. \
so as to simulate a single se- ...

•'''
.

ries. Fig. 11 is an ideal dia-

closely appressed folds such idea! .

as might have formed the of the Sierra Nevada range.

Sierra Nevada, showing the grand wave composed of (

of sediments, the subordinate wavelets, composed of

the upper crumpled portions of the series, the lower portions

being metamorphosed into granites and exposed along the axis

by erosion.

Again : the Sierra range is an admirable example of a fold

passing gradually into a fault. In the northern portion of Lake
Tahoe the slates occupy a broad area on both slopes, though
largely covered, on the eastern slope by volcanic ejections;

the two slopes are more equal and the height of the crest

is moderate, only about 9,000 to 10,000 feet. The great wave
is more normal (fig. 12, a.) In the middle portion, about Lake
Mono, the eastern slate-area is far narrower, the two slopes

more unequal and the crest higher, viz: 13,000 feet. The
great wave is ready to break (fig. 12, b). In the southern portion
about Lake Owen, the eastern slope is still more abrupt, the
eastern slates have entirely disappeared, granite alone forming
the summit and the whole eastern wall, and the crest here

- highest point, near 15,000 feet. The great wave has
at last broken with theformation of a prodigious fault (rig. 12. <).

Remembering that the escarpment is here 10,000 to 11,000 feet,

and that the whole thickness of the slates has been removed by
erosion from its summit, and that their eastern continuation lies

buried beneath the soil of the plains below, we cannot estimate
this slip as less than 15,000 feet. It is probably much more.

was a slight re -adjustment
of this slip which caused the

uake of March,

Am. Jour. Bol—1
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might expect ; for the squeezing out of the sub - mountain
fused or semi -fused matter would naturally take place there,

where both the Assuring and the squeezing are greatest.

In conclusion there are two or three suggestions which seem
ate here.

a. In the Basin and Plateau regions there occur many paral-

lel north and south faults. In the Plateau region these form
escarpments separating level, or nearly level tables. In the

Basin region they form decided north and south ridges. Now
it is a remarkable fact that in the southern part of these two
regions just where the Plateau is highest, all the western

faults of the Plateau region and all the faults of the Basin

region drop on their west side, so that the escarpments look

westward. But the Sierra escarpment, as we have already

seen, looks eastward. Now just between these two, i. e., between

the Sierra escarpment on the one side and the Plateau and
Basin escarpments on the other and overlooked by both, lies

the great depressed area, occupied by the alkaline lakes,

Mono and Owen. It is probable that this great depression is

correlated with the elevations on each side—that the up-push-

ing and over-pushing of the Sierra on one side and the eleva-

tion of the great Plateau with the formation of the Basin

ridges on the other, was attended with a depression of the

alkaline-lake region between, causing the escarpments on either

side to look that way. It is noteworthy also that just where
tin- '•; nhtuifj of the Sierra, on the one side and the up-lifting

of the Plateau on the other is greatest, there also the down-fold-

ing of the intervening basin is also greatest. The wonderful
Owen's River valley, with the Sierra near 15,000 feet on one
side and the Inyo Mountains 10,000 to 14,000 feet high on the

other, with only thirty miles from crest to crest, is this down-
folded trough. Only forty miles from Mount Whitney, the

highest point on the Sierra and in the United States except
Mount St. Elias in Alaska, occurs Death-valley, which is seve-

ral hundred feet below sea-level.

b. According to M. Suess's view (if I understand him aright),

the typical form of mountain ranges described above, is the

result of the fact that the yielding crust which by con
and upswelling forms the Range, is abutted against an unyield-

ing mass of previously stiffened crust. Thus according to him
the Alps was pushed over against the resistant crust of the

Black Forest and Central France, and, therefore, its steep slope

is toward the north. The Appalachian was pushed over
toward the already-stiffened Silurian and Laurentian land-

crust on the north and northwest. This is a necessary corol-

lary to my view that mountain ranges are the up-pushed sedi-

ments of marginal sea-bottoms. For observe : marginal sea-
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bottom sediments are thickest near shore, and thin out very
seaward. Such sediments, therefore, even before

yielding. ' inn ;i ]- nti< ul; r nuts- with the thickest part near the

_ and are therefore asymmetric. Now this already

thickest part is precisely the line of greatest yielding and there-

fore of greatest upswelling, and thus the mountain-wave
becomes very asymmetric with its steeper slope landward.
Finally, the already asymmetric mountain is pushed over
against the stiffened land crust, making a still steeper slope

which may even break on that side.

Now the Sierra is again an admirable illustration of this law.

The oldest portion of the western half of the American con-

tinent is probably the Basin region, especially its southern por-

Dg down into Mexico. During much of the Paleozoic

and all the Mesozoic times until the end of the Jurassic, this

was a continental mass with its western shore near the eastern

margin of the Sierra region. The Sierra region, as I have else-

where shown,* was then a marginal sea-bottom receiving sedi-

ments from the Basin-region continent, until an enormous
thickness had accumulated. When these thick sediments
began to yield from the aqueo-igneous softening of their floor,

they would first swell up asymmetrically, and then be pushed
over against the stiffened Basin region land-crust, forming a

steep slope or even a fault and escarpment on that side.

c. I have said that the Basin region was land during Meso-
zoic times ; moreover that the Sierra region was then marginal
p,i, ,'rr sea-bottom. Now the Wahsatch region was at the same
time a marginal sea-bottom of the great interior sea which then

covered all the Plateau and Plains region. At the end of

the Jurassic, as already said, the marginal sea-bottom on the

Pacific side yielded, and the Sierra was born. Probably at

the same time the bottom of the Jurassic sea of the Plateau
region went down and the more open Cretaceous sea of that

region was established. At the end of the Cretaceous period

(the process may have commenced a little earlier), the enor-

mously thick mass of marginal sea-bottom sediments (56,000 feet

according to King), consisting of the whole Paleozoic and Meso-
zoic series, at last yielded, and the Wahsatch range was born.

This mountain wave, also, as it rose, was pushed over to land-

ward until it broke, forming immense faults on that side.

According to theory the long slope of this range ought to be
on the east the west or

landward side. Such according to Emmons is, indeed, the fact.

The Wahsatch range rises on the east by a gentle slope twenty
miles long, until it attains a crest 12,000 feet high, and then
plunges down by a slope so steep that it reaches the plains

* This Journal, II L vol. iv, p. 460 and seq., 1872.
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about Salt Lake 4,000 feet high in two miles. The east walls

of the faults formed here are 12,000 feet in the air— the west

walls lie buried beneath the soil of the plains.*

The same horizontal thrust which pushed up the Wahsatch
also arched the stiffened land crust of the basin region and
formed the north and south fissures and faults of that region.

The basin ridges therefore probably belong to the same time.

d. In passing from the lowest foot-hills, bordering on the

San Joaquin plains, to the granite axis of the Sierra, we pass

from fine fissile clay-slates through schists of increasing coarse-

ness to granite. This is doubtless partly the result of increas-

ing metamorphic change in this direction. But it is also, I

believe, largely due to a change in the character of the original

sediments. If the eastern base of the Sierra was once a shore-

line, then coarse sandy sediments would have been deposited

there while only fine clays and silts would be carried farther

out to sea. The metamorphism of the more siliceous material

would certainly produce gneiss and schists, while the finer

clays by less metamorphism and by pressure would naturally

form fissile slates. The stratified materials on the eastern slope

nowhere, as far as I know, consist of pure and fine argillaceous

those of the western foot-hills. In the formation of

this mountain it seems probable that the finer and softer clays

at some distance from shore in yielding would be thrown into

many small folds, while the somewhat firmer sands nearer

shore, though yielding the most beneath, because thickest and
therefore most softened aqueo-igneously, would rise as one
simple fold, which would then be pushed over and perhaps
break on the landward side. I believe it is very important

from this point of view to compare carefully the strata on the

two sides of mountain ranges. If mountain ranges are up-

swelled marginal sea-bottoms, then the strata on the two slopes,

though corresponding in age, and in fact originally continuous,

ought not to correspond in liihological character. I believe we
have here an answer to Studer's objection to Lory's theory of

(fig. 8), viz : the non-correspondence of the strataire (fig. 8)

) sides of t

II. Origin of Mountains.

In all I have thus far said I have assumed that mountain
ranges are formed by horizontal pressure in the manner and
under conditions already fully explained in my previous papers.

Recent observations, both in Europe and in this country, have
entirely confirmed this view. I feel quite sure that the more
mountain structure is studied the more certain will this view
appear. By no effort of the imagination can we even conceive

* Emmons, Survey of 40th parallel, vol. ii, p. 340 and seq.
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how a range having the structure of the Appalachian, the Coast
range, the Sierra, the Alps or the Caucasus, i. e., a range con-
sisting of i;: could have been formed
except "by horizontal pressure. It is, I believe, equally incon-
cti'vuh'p (hat horizontal pressure on a large scale can he produced
otherwise tk«n >->i im ,/„ ,.,„,•,,/,//„, ,,, the >>>,-/?,. Ranges con-
sisting of a single fold like the Uintah are equally well explained
by the same kind of pressure ; and therefore it seems unneces-
sary to seek nation for these. My own con-
viction therefore is that all mountain ranges have been formed
in a substantially similar manner. But since the publication
of my papers, some objections have been urged against this

conclusion, which must now be examined.
The only serious objection, based upon structure, which has

ever been made to this view as applicable to all mountains, has
been advanced by some of the explorers of the Plateau and
Basin regions. According to Powell and Gilbert, while many
mountains, namely, those of the Appalachian type, including
the Appalachian, 'the Coast range and the Alps, are manifestly
formed by horizontal pressure, the great level tables terminated
by north and south cliffs of the Plateau region, and the parallel

region are more prob-

duced by direct, upward lifting forces. But we have
already shown that these are not monogenetic ranges at all, but
only the displaced parts of one great monogenetic bulge. There

ting force concerned in forming
these ridges

; but it was not a vertical U up- 'ti„g but a vertically

ting force. It was a mere gravitative adjustment of
the broken parts of the great arch lifted as usual by horizontal

The objection just mentioned is brought forward by
thorough structural geologists educated in the field ; the objec-
tions now about to be mentioned are on the contrary brought
forward by mathematical physicists. The former is" an objec-
tion not to th. eontraotional theory, but to the universal applica-

bility oi that theory; the latter are fundamental objections
aimed at the theory itself. These physical objections, too, are
put forward with so much confidence and with such a bristling
array of mathematical formula,- that 1

1

;
, v seem to many to fall

little short of demonstrative certainty.
"
It becomes therefore

the more necessary that we should examine them carefully.

The first objection is this: It is contraction
cannot concentrate its effects along certain lines (viz., mountain

tiout a slipping or a shearing of the exterior shell
•• :;..r nucleic: but Midi -lipping is impossible in a

iolid earth. I have long felt this as a really serious objection
to the special form of t expressed in my



106 J. LeConte—Structure and Origin of Mountains.

paper. But, let it be borne in mind that it is no objection at all

to the contractional theory, but only to that fori,'

the complete solidity of the earth. There can be no difficulty in

the way of concentration of the effects of interior co

along certain lines so as to give rise to mountain ranges, if the

earth be liquid beneath a solid crust, as maintained by some;
or if there be a layer of aqueo igneously fused or semi-fused

matter between a solid crust and a solid nucleus,* as maintained

by many of the very best geologists. To the idea of a sub-

liquid earth covered only with a thin solid shell, I

believe there are insuperable objections ; but the existence of

a layer of semi-fused matter would not interfere with the sub-

stantial solidity of the earth in all its cosmical relations. The
concentration of lateral crushing along certain lines seems to

require not however an univer.-. • -crust layer

but only large areas of the crust thus underlaid. These areas

are undoubtedly the ocean beds which, as we have already

said in our previous paper, are the most contractile portion.

A second objection urged against the contractional theory

is this: the amount of contraction produced by secular loss of
heat, it is said, is wholly inadequate to produce the foldings

which we actually find, being in fact demonstrably very small.

Now assuming that, in so complex a problem, all the data are

correct and the reasoning logical (a large assumption, when we
remember the difference of views among the best physicists on

some geological questions and the frank admission of grave

error, recently by one of the most eminent),f allowing I say

vi.-ight and all tin < n ki m'v claimed for

it : .-rill it is evident that this is no objection at all to the contrac-

tional theory ; but, again, only to a particular form of that theory,

viz : that which assumes the contraction to be the result solely

of loss of heat. This, it is true, has seemed the most obvious

not by itself a sufficient cause. There are, however, other causes

of contraction conceivable, and perhaps still others not yet

dreamed of. Other things besides the earth shrink and shrivel,

and in some cases without loss of heat. Apples shrivel by
loss of moisture, and old people's faces wrinkle for the same
reason. Now is it not barely possible that there may be other

causes of shrinkage of the earth and the wrinkling of its face,

besides loss of heat ?

It is well known that immense quantities of gas and vapors,

-r.-am. iss tie from volcanoes. This steam is usually.

and perhaps truly, supposed to be derived from above—to be,

* Fisher, PhiL Mag., vol. 1, p. 317, 1875.

f Sir Wm. Thomson's Addr< ation, 1876. This Journal,
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! water. But O. Fisher* believes that

i of superheated gases and steam from
le interim-—so superheated that they fuse their way to the
irface and so escape. These gases and steam, according to

', meteoric but original

the cause of volcanoes has been highly commended by the

-lied vulcanologist Scrope, and at least deserves the

serious attention of geologists. If this be the true origin of
volcanic water, then in its escape we would have another
important factor of contraction, although perhaps, by itself,

also i n adequate.

f

In a word, it is probable that in the present condition of

science we do not know all the causes of contraction. But the

fact of contraction is one thing and the cause of contraction

another and quite a different thing. The fact of contraction is

not conditioned on our knowledge of the causes of contraction
but rests wholly upon the phenomena of structure. If loss of heat
be inadequate, then we must seek some additional cause. If

all known causes be inadequate, then we must frankly acknow-
ledge our ignorance and seek still other causes yet unknown.
The great importance of separating these two things and

them distinct in the mind, may be illustrated by ex-

amples. In nearly all complex subjects there are two stages of

g and therefore two successive theories. The one dis-

cusses and determines the laws of phenomena and the condi-

tions under which they occur

—

Formal theory ; the other dis-

cusses the physical cause of these laws

—

Physical theory. Slaty

cleavage is undoubtedly produced by mashing in a directi-.ii at

Jes to the planes of cleavage and extension in the

direction of those planes. This is completely proved both by
observation and experiment. This is the Formal theory. It

groups a multitude is them and
is therefore properly called a theory. But still the question
remains: how does crushing produce cleavage? Sorby thinks
by change of position of foreign unequiaxed particles dissem-
inated in a plastic mass ; Tyndall thinks by the flattening of

it granules into scales. These i

Now it is evident that the former theory, the formal, is inde-

pendent of the latter, the physical, and in fact forms its basis ;

but not vice versa. So again it is certain that glaciers conform
to the laws of fluid motion. This is the Formal theory ; it

reduces to law, and consistently explains all the phenomena of

glacial motion. But still the question remains. By virtue of

Cambridge Phil. Trans., vol. xii. part TI ; Feb., 1875.

f Even while writing tl i- I - >• rhat IV, l ennak \a :
--.-

, -rw; ,1 , mi. ! u tl -\
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what property do they thus move? Forbes answers, by a

property of viscosity ; Tyndall answers, by fracture, change of

ad regelation. These are Physical theories. Observe
again : the formal theory is independent of the physical and
forms its basis ; but not vice versa. Now in both these cases

it will be observed that it is the formal theory which is most
important to the geologist. That sl:tt , < ;

-. w produced by
mashing together horizontally and upswelling vertically, or that

glaciers move in the manner of a stream, is of immense impor-

tance to the geologist; but the molecular cause of either is of

great interest only to the physicist. When slaty cleavage was
proved to be the result of compression horizontally and up-

swelling vertically the geological problem was solved ; and the

subject was then handed over to the physicists for further dis-

Now on the question of mc
two kinds of theories: That i

horizontal pressure crushing rock masses together in that

direction and upswelling tWm verm-ally, is certain ; and that

this horizontal pressure is due to interior contraction of the

earth is almost equally certain. This is the formal theory.

But still the question remains : What are the physical causes

of interior contraction? The discussion of this is" the physical

theory. The former we have shown is nearly perfect; the

latter is yet very imperfect. The geological problem is well

nigh solved; the question must now be handed over to the

physicists for further discussion. But we must insist that the

physicist shall make the formal theory already established by
gist the basis of his discussion. But observe again that

it is the formal theory which is of the greatest and most imme-
diate importance to the geologist, though the physical theory
may be the most so to the physicist.

The two physical objections which I have just taken up and,

I hope in part at least, answered, are brought forward by Eev.
O. Fisher* and Captain C. E. Dutton.f They are by far the

most serious. But there are other minor objections advanced
by Captain Dutton which I must, at least briefly, notice.

We are concerned in this paper only with the origin of

mountains; but in my paper on "A Theory of the formation
of the greater features of the Earth surface," I discussed also

the origin of continents. I attributed those greatest in*

constituting continental surfaces and ocean bottoms to unequal

a secular deformation, by cooling, of a

earth. The same idea had been previously

Cambridge Phil. Trans., vol.

1 Observations on Theories of the Earth I

113, 1874; Penn Monthly, May, 1876.
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brought out by Professor Dana and Archdeacon Pratt: and
the latter had at one time extended the idea so as to include
also mountain chains, although he afterward admitted lateral

pressure as the more probable cause of these latter. Now,
according to the view that continents and ocean bottoms are

i'<>r;n. Ibytmeg i ss of heat, of course the
less conductive parts would become continents and the more con-

ductive parts ocean bottoms. Now Captain Dutton has brought
against this view certain geological facts. The Himalayas, he
says, were ocean bottom until late in the Tertiary (as indeed
they were) ; and now these Tertiary ocean-bottoms are 15,000
feet above sea level. Therefore, certainly, all this enormous
rise (and probably much more, viz: the elevation of the whole

the Himalayas) took | \h He Tertiary.

(This is also certainly true.) Then, says he, we must believe,

according to the radial contraction view, that until the Tertiary,

is of the earth was very conductive, and became at that

time, suddenly very non-conductive! ! ! He gives the Alps as

another example of a Tertiary sea-bottom which has since been
raised 10,000 feet, and which, therefore, according to him,
must have suddenly changed its conductivity.* He might

for the principle involved is the same in all.

entire and most unaccountable misapprehension of the mean-
ing of all who have written on this subject. The formation of

the Himalayas and the Alps come under the head of mountain
origin, not of continent formation. Neither Professor Dana
nor myself ever for a moment imagined that the elevation of
the Himalayas and the Alps was due to unequal radial con-

traction. 3V1 \ re always been formed compara-
tively rapidlv. continents very slowly and progressively. We
know the tii tains; but continents. 'in spite

of some oscillations difficult to account for, have substantially

continued to develop in size and height throughout the whole
geological history of the earth. This is what we would expect
if they are due to unequal radial contraction,f

_
Again, Captain Dutton makes still another objection (loc.

cit., p. 377) to the mechanics of the contractional theory, the
force of which I confess I do not understand. He seems to

re is a principle of economy of force in nature by
virtue of which we must infer that she applies force in that

:

Pern, Monthly, M;n 1ST*;, p. :.-•!.
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direction which will accomplish the required result with the

minimum expenditure. Now he says, to make a mountain range

by horizontal pressure would require demonstrably, a m
and by vertical pressure a ininuanm, expenditure of force, in

proportion to the height and mass lifted. Therefore he thinks

- must be formed by vertically acting forces, upward
for anticlines and downward for synclines. The streets of San
Francisco are many of them paved with wooden blocks, which
swell by wetting and are pushed up into ridges, as everybody
supposes, by horizontal pressure. But according to Captain

Dutton these ridges are not formed by horizontal pressure,

because this niodo ; -1: res a maximum expenditure of

force in proportion to the visible work done.

But again Captain Dutton thinks that the crust of the earth,

under horizontal pressure, would not and could not yield

gradually and quietly so as to retain its continuity, but would
shiver into fragments—it would not mash, but smash and " go

topi."

I will not inquire how far this is good physics ; because

until geological physics is far more perfect than now, i. e.,

until we understand far better than we now do, the pre

i in 1 1 a under e es acted in prod uci ng geological

results, geological problems must often continue to be ques-

tions of history rather than questions of physics—questions of

what did happen, rather than questions of what, according to

physical laws, ought to have happened. Now we have
evidence, of the most indubitable kind, of quiet yielding of

the earth's crust to horizontal pressure. It is absolutely cer-

tain, for example, that slaty cleavage is produced by horizontal

mashing; and that the mashing is so great that •

equal diameters are changed into diameters having a ratio of

1:5, 1 : 10, or even 1 : 14
;
yet there is no smashing or "going to

pi" but only quiet yielding, like dough or plastic clay. Again,

in mountain ranges consisting wholly of crumpled strata with

many folds closely appressed, without even a granite axis,

like the Appalachian or the Coast Range of California, it is simply
inconceivable that the crumpling force should have acted in

any other direction than horizontally; yet the strata, though
sometimes broken and slipped, are in large measure continu-

ous; there is no shivering into rubble, like "pack ice driven

against a shore." As to the condition of the strata at the time

when these results were accomplished, i. e., whether or not they

were more plastic then than now, is another question, and one with
which we are not now as structural geologists concerned. But
this is precisely the question which Capt Dutton as physicist

should have discussed. Here are strata in position.-; sueh that it

is inconceivable they could have been assumed except by hori-
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zontal pressure ; but their hardness and brittleness is such that

smashed them into rubble ; there-

fore Capt. Dutton concludes the force was not horizontal. But
would it not have been better to conclude : therefore the strata

were not then so hard and brittle as now ?

Again, and finally : Captain Dutton objects, that contraetional
theorists give no reason " why lines of thick strata should be lines

of weakness," and thus by yielding produce mountain ranges,
'"/<"/• triu/ the epoch of disturbance (mountain foruuiti
<:oii,rid> n-itji ,„• i,,,,,,., Jin I,

.],/ f,J/,,ir i',., ,,„..-/, ,,, ,/.
/;o.s#." This

sentence raises the doubt' whether Captain Dutton has read
what has been written on this subject by Hunt, Dana and
myself, or whether having read he has not forgotten them. For

-~" nsisted on both by Hunt and myself,
but there has been some discussion as to priority in regard
this important idea. The idea is undoubtedly due tc

"
bat I have, I believe, made more use of it and shown
damental importance in mountain making. It is, in fact, the
corner stone of my theory, which is 1 riefly this: The place of
a mountain range before it was formed was a marginal sea-

bottom receiving abundant sediment from continental erosion.

A line of off-shore sediments many thousand feet thick, thus
formed would cause a rise of the subjacent iso-geotherms, and

- leous softening both of the sediments and of the
original crust on which the sediments were laid down. This
would determine a line of weakness and therefore of yielding

ntal pressure; and therefore the formation of a moun-
tain range, which would immediately commence to be sculp-

tured by erosive agents.
Thus there are three stages in the history of a mountain

range. First, a stage of preparation by sedim. ntation : this is

the embryonic stage. Second, a stage ,,[ voiding to h .riz .ntal

pressure: this is the period of mountain birth and mountain
growth. Third, a stage of erosive degradation ; this is the

mountain decay. This ally into a
: "irth stage of mountain death and fossilization.

We have now examined all the objections which have been
SO confidently brought against the contraetional theory. Of
these objections we find only two which are at all serious

;
and

these affect not the substance but only the form of that theory—
not the geological foundation, but only some of the physical
abutments. These two objections, however, are well worthy
of serious attention as important additions to dynamical geol-

sh ought to, and doubtless will, be used to modify
ry as it now exists.

,

() t Captain Button's own theory, which he proposes to sub-
stitute in place of the supposed 'dead contraetional theory, I
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will say nothing : partly because to do so would transgress the

limits which I proposed to myself at the outset, and partly

because after reading and re-reading several times I rind it

impossible to hold any clear image of the new theory in my
mind, and I fear therefore that I might do the author injustice.

Berkeley, California, April 1, 1878.

Art. XL—On the occurrence of a Solid Uyl,-.>,•>, ,-h,,., i,, the

Eruptive Bocks of New Jersey ; by I. C. Kussell.

(Read before the New York Academy of Sciences, April 29, 1878.)

In an article by T. Sterry Hunt, published in this Journal in

1863,* mention is made of an interesting locality at Cape

Gaspe" where a trap dike intersects the sedimentary rocks. The
caviVies in the trap are frequently lined with chalcedony, or

with crystals of calcite or quartz, and filled with
|

which in some cases has assumed the hardness of pitch.

Eecently our attention was called to a newspaper account of

the occurrence of mineral oil in the lava of Mt. Etna. The
numerous round or irregular cavities contained in the lava are

described as being coated with aragonite and filled with min-

eral oil. An analogous instance in our own country has been

familiar to me for some time, which, taken in connection with

the occurrences mentioned above, seems to be of sufficient

interest to be worth recording.

Associated with the sheet of trap rock known as the First

Newark Mountain, which traverses the central portion of the

Triassie formation of New Jersey, there occurs near Plainfield,

at an abandoned copper mine on the western slope of the

mountain—the upper surface of the trap sheet—an amygdaloid

trap passing into a metamorphosed shale. In this region it is

ly impossible to distinguish in small exposures, the

fcrap from the metamorphosed shales that rest in con-

tact with it.f Many of the cavities in the amygdaloidal rock

are filled with a brilliant jet black carbonaceous mineral

resembling very closely the albertite of New Brunswick.^
These cavities are frequently tubular in shape, having a length

of three or four inches and usually a diameter of about a

quarter of an inch. Sometimes these tubes were lined through-

out by infiltration, with a coating of quartz or calcite a line or

i in an article on the Tra

. B 47 [also, with an ex;

x, 45G, 1875.]
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two in thickness, before the carbonaceous material was intro-

duced. Above the amygdaloid is found a metainorpho-ed shale

which still retains its bed<b d structure, and in places presents
something of the usual reddish color of the unaltered shales.

This altered rock is traversed in various directions by seams
and fissures, which are frequently filled with the same alber-

tite-like mineral. Resting upon these metamorphosed beds
occur slates, shales and sandstones, which contain fossil fishes

and a considerable abundance of obscure vegetable remains.

It seems evident that these organic bodies furnished by their

-irion the carbonaceous material in the ass

rocks. The heat derived from the slowly cooling injected

rocks may have played an important part in this process.

The mineral whose geological occurrence we have thus
described, gives, when subjected to chemical tests, almost pre-'
acids and alkalies, and is but sparii _ ;

alcohol, ether, or oil <>i ip . \. e, also, it is

infusible, but softens by heat and burns with a yellow flame,

emitting an agreeable odor. It gives when incinerated less

than 010 per cent of ash.

The occurrence of petroleum in the cavities of the igneous
rocks of G-aspe and Sicily, and of a solid hydrocarbon in the
trap rocks of New Jersey would seem to be but different stages
in the same process, ifthe cavities in a rock were filled with
petroleum by infiltration, and evaporation slowly removed the
more volatile portions, and oxidation took place to some extent,

the result would be the formation of a deposit of solid hydro-
carbon in the cavities. A similar process sometimes occurs
with bottled samples of petroleum, by which the interior of

the bottle is left coated with a solid carbonaceous layer. In
the rocks, if a fresh supply of oil was furnished from time to

s by infiltration, the cavities would eventually become com-
"

' filled with the solid carbonaceous residue. A vesicular

in this manner be changed to an amygdaloid, the

cavities of which would be tilled with .sol it 1 hydrocarbons in-

stead of quartz, zeolites, etc.

Such, it appears to us, must have been the history of the
Ti.u-m. .tim^luh ,.1 *\t ut\e < - of which
must at one time have been filled with mineral oil. This is

but an epitome of what took place on a grand scale at the great
fissure over 1,400 feet deep, in New Brunswick, which was

Ibertite, and in the case of the Grahamite in West
Virginia, which also occupies an immense fissure.

Since writing the above, our attention has been called,

the kindness of Prof. J. D. Dana, to the fact that Per-
cival in his report on the geology of Connecticut, published in

pletely i
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1842, records the occurrence of "bitumen" in connect

the trap rock of Connecticut. Those who a

to possess a copy of this report will find that Percival

usual accuracy of observation, mentions several times tl

rence of this substance while des •• formation

f the Connecticut Valley. Mr. Pei

indurated bitumen " as occurring i

trap, and in small veins in the indurated shale adjoining. Asso-

ciate! with these rocks occur, also, bituminous limestones and
shales containing fossil fishes. Similar bituminous rocks he

describes as occurring in the small isolated Triassic area of

Southbury and Woodbury in Western Connecticut. In refer-

ence to the reported discovery of coal in Connecticut the state-

ment is made* that "This substance, however, is a more or less

indurated bitumen, similar to that occasionally occupying the

pores of amygdaloid, or accompanying metallic veins in the trap

and the adjoining indurated sandstones, and is perhaps derived

from the same volcanic source as the trap it accompanies."
It will be noticed from the above that the bitumen described

by Percival has the same geological associations as the mineral

occurring at Plainfield, N. J. A specimen of this mineral from
Connecticut which we have just received from Dr. H. C. Bolton
of Trinity College, and obtained by him from seams in trap

rock near the new college buildings at Hartford, seems identi-

cal in its physical and chemical properties with the solid hydro-
carbon we have described from New Jersey. The rocks with

rrespond in

era and geological position with the eruptive

rock of New Jersey, and are a portion of the great system of

trap ridges which traverse the Triassic formation in Connecticut
and Massachusetts.

Art. XII.— On a new and remark
County, Connecticut: with a description of several new species

occurring there : by Geo. J. Brush and Edward S. Dana.
First Paper.

[Continued from page 4«.]

3. DlCKrNSONITE.

Physical characters.—Dickinsonite occurs most commonly in

crystalline masses, which have a distinctly foliated, almost mica-

ceous, structure. It is also lamellar-radiated and sometimes
stellated, the laminae being usually more or less curved. This
massive variety forms the gangue in which crystals of eosphorite

are often imbedded, and also sometimes triploidite. It more-

*Percival's Geol Rep. of Conn., p. 452.
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over occurs in minute scales distributed through the massive
eosphorite and giving it a green color, and is sometimes imbed-
ded in the rhodochrosite. Minute tabular crystals are rare ; they
are observed implanted upon the gangue, and also scattered

through the reddingite. In general asp. <-t tin mil . nil resembles

some varieties of chlorite though very unlike in its brittleness.

It has perfect basal cleavage. The hardness is 3*5-4, and.

the s] lecific gravity 3338-3'343. Luster vitreous, on the cleav-

age face somewhat pearly. The color of the purest crystal is

oil- to (.live-green, in the massive varieties generally grass-green

though sometimes quite dark ; the streak is nearly white.

rent to translucent, the crystals being perfectly clear.

The laminae are very brittle ; fracture uneven.
Crystalline form.—Distinct crystals ot diekinsonite are not

often found, and owing to the extremely brittle character of

the mineral, it is only in very rare cases

that they can be obtained showing more
than the basal plane. The crystallo-

graphy data which are given here were
all obtained from two crystals, which,
though extremely small and yielding
only approximate angles, }

ret served to

decide all the essential points. Other
less perfect crystals gave confirmatory
results.

Diekinsonite crystallizes in the Monoclinic System. The
axial ratio and obliquity were obtained from the following

angles :—
Plane angle of the base=120° 0'

For the unit prism (not observed),

1^1 = 66° 36', and

The observed planes are as follows

5, «, 010. as, -3-i, 301.

except the

, bich was only once observed.
The following are the most important angles, measured and

calculated

:
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001 * in, = 61°

001*221, = 82°

It will be seen from the above table that the angle between
the base and one of the two pyramids (c^p— 6L° 8') differs bat

little from the angle between the base and the orthopinacoid

(c/S a= t)l
o
30 /

); there are thus three planes which have nearly

equal inclinations r<> the ba--e. This fact, which is analogous to

that true of the Vesuvian biotite (meroxen) as pointed out by
Tschermak,* gives to the crystals a marked rhombohedral aspect

especially as the planes x (301) and s (221) have usually a minor
development. As exact measurements were not possible the

true relations could hardly be established beyond doubt until

recourse was had to an optical examination. This showed that

the cleavage planes are not isotrope as they must be if rhom-
bohedral ; on the contrary one plane of vibration is exactly

parallel to the edge c/a, and the other normal to it.

The rhombohedral pseudo-symmetry is also shown in the

fact that the plane angle of the base differs very little if at all

from 120°. The most careful measurements practicable failed

to establish any variation. That the angle really is 120°

seems, moreover, to be indicated by the fact that on many
cleavage laminse triangular markings are visible, which are

a! the angles measuring 60°
; other analo-

gous markings have four or five sides but always with angles

of 60° or 120° as near as the measurements can be made.
The above facts show that <r liekinsonite

is related to the micas and chlorites, although most unlike

chemically.

The plates of dickinsonite are sometimes striated parallel to

the edges c/p, c/p', and also c/a, corresponding to the tri-

angular markings mentioned and still more increasing the

rhombohedral aspect of the crystals. No twins have been
observed, although some very "imperfect crystals early sug-

gested their possible occurrence.
The cleavage plates show a marked dichroism, parallel to

the edge c/a, the rays being grass-green and much absorbed

* Groth, Zeitschrift fur Krystallographie, ii, p. 19, 1877.
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and normal to this yellow-green. No examination of a section

perpendicular to the cleavage was possible, so that the position
of the axes of elasticity in the plane of symmetry could not be
determined.

Chemical composition.—The following analysis was made by
Mr. S. L. Penfield. The method of analysis was essentially

the same as that already described. The purest material
available was selected, but it was found impossible to separate
it entirely from a little admixed quartz and eosphorite. The
small amount of alumina present is assumed to belong to the
eosphorite, and the calculations made accordingly. In the
table below, column (1) gives the original analysis

; (2) gives
the amount of each constituent of the impurities to be deducted

;

(3) gives the remainder after this deduction has been made,
and (4) the final composition after being averaged up to the
original amount.

) calculated from analysis (4) i

The ratioP
3 O s

:RO:H 3
= 4:12:3 corresponds t

formula R
3P 3 3 + |H

a
O. If R = Mn : Fe : Ca : Na = i

3 : L£ ; this formula requires :

—

10000

This corresponds as closely as could be expected with the
analysis (4) given above.
Am. Joub. Sci—Third Stoibs, Vol. XVI
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Another analysis by Mr. Penfield on a separate sample of

dickinsonite is given below, the lime having been lost is

determined by difference. The results are arranged as before

:

(1) is the or the amount of quartz and eospho-

rite present ; (3) the "result after deducting these, and (4) the

final result calculated again to 100.

Pyrognostics.—In the closed tube gives water, the first por-

tions of which react neutral to test paper, but the last portions

are faintly acid. The residue is magnetic. Fuses in the naked
lamp flame and B.B. in the forceps colors the flame at first

pale green then greenish yellow. Dissolves in the fluxes and
affords reactions for iron and manganese. Soluble in acids.

There is no known phosphate, so far as we are aware, which
bears any relation to dickinsonite in crystallographic character,

and in chemical composition it seems also to be without any
very near relatives.

We have named this most interesting mineral dickinsonite in

honor of the Rev. John Dickinson of Redding, Conn., our
obligations to whom we have already acknowledged.

4. LlTHIOPHILITB.

The occurrence of this mineral in the deepest explorations

made has already been mentioned. It is found imbedded in

albite in irregular rounded masses one to three inches in diam-
eter and coated with a black mineral, the result of its own oxi-

dation ; some of these masses have only a small core of unaltered

Physical characters.—No crystals of lithiopbilite were found,

although some of the imbedded masses have in external form a

somewhat crystalline aspect There are three distinct cleav-

ages: one quite perfect, always observable whenever the mineral

is broken ; a second nearly perfect at right angles to the first

;

and a third interrupted, which is prismatic, having an angle of

128°-130°, and inclined at right angles to the first named cleav-

age, and 115°-116° to the second. The similarity in composition
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between this species and triphylite makes it possible to identify
these three cleavages with those shown by Tschermak to belong
to the latter mineral : the most perfect cleavage is basal, the
second nearly perfect is brachydiagonal, and the third inter-

"
5 (/a 7=133° triphylite, Tschermak).

specific gravity, in tw-

trials, 3424, and 3432. The color of the unaltered mineral i

generally bright salmon-color, occasionally honey-yellow,

—

varying to yellowish-brown and on rare instances to umber-
brown ; this darker color is probably due to incipient altera-

tion. It has a vitreous to resinous luster, and is generally
it, though small cleavage fragments are occasionally

perfectly transparent. Fracture uneven to subconchoidal.
Optical properties.—The optic axes in lithiophilite lie in the

basal section or plane of most perfect cleavage, the acute
bisectrix being normal to the brachypinacoid. The axial angle
is very large the axes being partially visible in the extreme
border of the field in the polariscope. The angle could not be
measured satisfactorily except in oil (n= 147) ; the result of the
measured was as follows :

The dispersion of the ax<
of the double refraction is

are quite distinct, as follows :"

For vibrations parallel to a (that is) a deep pink.

" " " i (that is) c pale greenish-yellow.

Chemical composition.—The following analyses are by Mr.
Horace L. Wells. The method was the same as that employed
by Mr. Penfield in the analysis of triphylite (see beyond).

The ratio P
a 5

: K0:K 2
0=1 : 2 : 1 proves lithiophil

be a normal phosphate analogous in composition to triph
Its formula is LiMnPO, or LiP0

4
+Mn

3P 3 8
. This for
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The mineral lithiophilite is consequently a manganese mem-
ber of the triphylite group. Mr. Penfield has previously
shown that the true formula of triphylite, hitherto doubtful, is

R
?
P0

4
+R,P a 8

,* where R=Li, and R=Fe mostly, also Mn.
His conclusions are confirmed by the results of Mr. Wells'

analysis of lithiophilite.

Rammelsberg found (as a mean of four analyses) in the

Bodenmais mineral 39"97 p. c. FeO, and 9*80 p. c. MnO. Mr.

Penfield, in his analysis of the Grafton, New Hampshire,
obtained 26-09 p. c. of FeO and 18'17 p. c. MnO. The altered

triphylite from Norwich, Mass., also contains a considerable

amount of manganese, but as manganese sesquioxide (22*59—
24-70 p. c.) ; the unaltered mineral has never been analyzed.

These facts go to show that between the true triphylite,—the

iron-lithium phosphate—,and the lithiophilite,—the manganese-

omorphous groups of com-

R3P04 +R3P,O g .

Pyrognostics.—In the closed tube gives traces of moisture,

turns dark-brown and fuses but does not become magnetic.

Fuses in the naked lamp-flame and B.B., gives an intense

lithia-red flame streaked with pale green on the lower edge.

Dissolves in the fluxes giving in O.F. a deep amethystine bead,

and in R.F. a faint reaction for iron. Soluble in acids.

The name lithiophilite, from lithium and <pdoc, friend, may
properly be given to this species as it contains a very high per-

centage of lithia.

5. Reddingite.

Physical characters.—Reddingite occurs sparingly in minute
octahedral crystals, belonging to the orthorhombk system. It is

also found more generally massive with granular structure ; it

is associated with dickinsonite, and sometimes with triploidite.

As compared with the other species which have been described

it is a decidedly rare mineral. The massive mineral shows a

leavage in one plane, the crystallographic direction of

which could not be ascertained in the crystals owing to their

The hardness is 3-3'5
; and the specific gravity for the min-

eral analyzed, containing 12 p. c. quartz is 3'04 ; this gives on
m for the pure mineral 3102. The luster is vitreous

to sub-resinous : the color of the perfectly unaltered mineral
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pale rose-pink to yellowish-white, sometimes with a tinge of
brown

; crystals are occasionally coated dark reddish-brown
from surface alteration

;
the streak is white. Transparent to

translucent ; fracture uneven ; brittle.

Crystalline form.—The crystals of reddingite are rare and
6. occur only in cavities in the massive min-

eral. They have uniformly an octahedral
habit ; sometimes only the unit pyramid is

present and in other cases a second macro-
diagonal pyramid, with the brachypinacoid
as shown in the accompanying figure. The
crystals belong to the Orthorhombic Sys-
tem. The fundamental angles are as fol-

:_L :i s

The angles of the fundamental prism (not observed), :

/a 7=98° 6' and 81° 54'. The observed planes are :—

The important angles are as follows, calculated from the

Of the above an that admitted of exact

have been taken as the basis of calculationand the third gave

111 a 111 =65° 22, required 65° 16'.

Reddingite is closely isomorphous with scorodite and stren-

gite
; the corresponding pyramidal angles for the three species

are as follows :

—



Strengite (Nies)

The relations of the three species in chemical composition
are spoken of in a later paragraph.

Chemical composition.—-The best available material was used
in the analyses by Mr. Horace L. Wells; it was free from
every impurity with the exception of the quartz, which was so

intimately intermixed that separation was impossible. Tbe
presence of the quartz, however, did not interfere in the least

with the accuracy of the composition finally deduced. The
water was determined directly.

Two analyses gave :

F',0

Excluding quartz, the r

The ratio P 2 5
: EO : H aO= l : 3 : 3, corresponds to the form-

ula Mn
?
P

aO e +8aq, which requires the following percentage

;)te here that the same formula was
For an artificial salt which he obtained
rains by boiling a solution of phos-

e et de Physique, III, bri, 433, 1861.
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phoric acid in excess with pure magnanese carbonate. He
gives, however, no description of the form of the crystals

obtained.

The close correspondence of reddingite with scorodite and
strengite has already been pointed out ; chemically the relation

is not so close, for the manganese is all in the lowest state of
I only three molecules of water are present. The

formulas for the three minerals are as follows:—

Reddingite Mn
;
,P»O s + 3aq.

Scorodite FeAs^ S + 4aq.

Strengite FeP 2 8 +4aq.

?.—On heating in the closed tube, whitens at

irns yellow and finally brown, but does not
become magnetic. In the forceps fuses in the naked lamp
flame (F=2). B.B. colors the flame pale green and fuses
easily to a blackish-brown non-magnetic globule. Dissolves in

the fluxes and reacts for manganese and iron. Soluble in

ric and nitric acids.

Reddingite is named from the town in which the locality is

situated. It was the last of the above species to be discovered,
and we were led to make an especial search for it by finding
black octahedrons implanted upon one specimen which were
obviously pseudomorphs and which could not be referred
to any known species. Another specimen exhibited pseudo-
morphs of the same species, but where the alteration was not
so far advanced.

Concluding note.

In a second paper upon this locality which we expect topub-
n a few months we shall describe under the name of

sixth i.' \ s] i cries, whose character has been deter-

mined too late to find a place in these pages. It is a hydrous
phosphate of manganese and lime, having the formula R 3

P 2 3

+2rJ
3 0, where the protoxide elements are manganese and lime

chiefly
; also iron and soda in small quantities. Fairfieldite is

a yellowish-white to colorless transparent mineral, with an
adamantine luster on the surface of eminent cleavage; the
hardness is 3-5, and the specific gravity is 315
We intend also to give descriptions and, so far as possible,

of the other associated minerals, as, rhodochrosite,
hebronite, the black massive products of decomposition and
other species of special interest.
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The transit of Mercury over the Sun was observed at my
Physical Observatory in Cambridge with the 6-J inch refract-

ing telescope by Merz, the full aperture being used during the

whole time of transit. The power employed for the observa-

tions of contacts was 153, but for physical observations higher

powers were found necessary. Even as high as 250 and 450
were found excellent during the afternoon. The chronometer
was compared before and after transit with the Harvard Col-

lege Observatory mean time clock.

On the morning of the transit the prospects for good observa-

tions were not promising, the sky being overcast with dense

and continuous cirri which, however, allowed the sun to be
seen through them most of the time. But in consequence of

this state of the atmosphere the telescopic image appeared
rather poorly illuminated ; although, considering the circum-

stances the definition was fair and the image quite steady, the

sun's limb appearing only a little diffused.

Half an hour before the predicted time for contact the sun's

surface was carefully scrutinized, but no spots were seen ; and
although a few small scattered faculse were visible later, none
could be seen at the time, owing probably to the thick vapors

in the sky. No trace of the granulations of the solar surface

could be seen. The sky forming the background to the sun
appeared of a milky whiteness, a very unfavorable condition

for the observation of Mercury before ingress.

From 22 h 20™ till the time of contact, efforts were made to

find the planet outside of the sun, but with no success ; although
the telescope was directed exactly where Mercury entered the

solar limb, and my sight must very likely have been directed

several times where the visible planet was situated. At 22 h 26m ,

the chronometer's beats began to be counted, and at 22 h 28m

37s '5, Harvard College Observatory mean time, the planet

suddenly made its appearance, notching the sun's limb almost
exactly where my sight was directed at this moment. The
suddenness of the phenomenon created some confusion in my
mind from which ensued a delay of perhaps one or one and a

half seconds in my record of the time, so that most probably
the true contact really occurred at 22h 28"' 36 B

0, H. C. O. mean

Although the contact seemed to me at first to have been
instantaneous, yet, some unexplained phenomenon must have
taken place immediately before I saw the black notch on the sun's

limb, as I distinctly remembered afterwards that my attention
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was called to this particular spot by a something I cannot well
define, but which made me aware of the approach of the planet.

But the impression was so rapidly followed by the contact that

I have no definite idea of it, and am consequently unable to

describe it.

While the disc of Mercury was passing the Sun's limb, my
attention was particularly directed to the observations of the
physical phenomena. The luminous point on the disc and the
luminous ring were eagerly sought for, but no trace of either of
these phenomena was perceived. The two opposite parts of the
sun's limb in apparent contact with the black disc of the
planet were also carefully observed to see whether there would
be any index of atmospheric refraction, but nothing indicating
it was observed. It is true that at this time the vapors in
our atmosphere were quite dense and the telescopic image
faintly illuminated ; in fact, the conditions were not at all

favorable for such delicate observations.
As the time of internal contact was nearing, it became obvi-

ous to me that it would be very difficult to estimate the exact
time of true contact by the observation of the breaking up of
the cusps, as they did then appear very dark and indistinct, so
I immediately concluded to observe the apparent contact when
the black disc of Mercury would be in apparent contact with
the sun's limb. This was done, and the phenomenon took
place at 22 h 30m 52-5, H. C. O. m. t

I feel quite confident that I have recorded this internal contact
within a second or two of its true occurrence. According to these

observations, the time elapsing between the two contacts was
2m 168,

5. At least a minute passed before I was certain of see-
ing a thread of light separating Mercury from the sun's limb.
No ligament or black drop was seen, however, the dark appear-
ance of the cusps and the considerable time elapsing between
the apparent internal contact and the breaking up of the cusps
would perhaps indicate that such a phenomenon took place

;

but if such was the case, the black drop could not have been
as dark as the disc itself, otherwise it is likely that it would
have been noticed, as I was in expectation of seeing such a
phenomenon.
A few minutes after the internal contact, the disc of Mercury

appeared pyriform and slightly elongated towards the suns
«mb. This decided appearance of the planet continued visi-

ble for fifteen or twenty minutes ; the major axis of the ellipsis

being directed from northwest to southeast, it being a little in-

clined towards the east to the south of the path of Mercury on
the Sun. This appearance was probably illusory, as later when
the atmosphere was clear, the black disc appeared perfectly



126 L. Trouvelot—Transit of Mercury.

From the time of first contact till one o'clock in the after-

noon, the sky became more and more cloudy and the observa-

tions consequently more difficult During this time no traces

of the inter-mercurial planets, or of the luminous ring were

seen. However, I had a persistant impression of a faint nebu-

lous cloud on or near the center of the black disc, but notwith-

standing my efforts, I was not able to satisfy myself whether it

At about three o'clock the sky cleared up, the definition was

good ; small faculse and the granulations being well seen on

the sun, Mercury was observed with much attention. At this

time the planet appeared of an intense bluish-black color, much
darker than in the morning. With the powers 250 and 450,

the planet lost entirely the flat appearance of a disc, and its

; >rm became very conspicuous and striking ;
although

no difference in the uniformity of its intense bluish-black tint

was uoticeable which could produce this phenemenon. The
blackness of the disc appeared much more intense than the

umbra or nucleus of any solar spot I have ever observed, and I

do not think that any observer familiar with the appearance of

sun spots, could for a moment be mistaken and take a round

black spot for a planet in transit, so striking is the difference in

character.

The small nebulous cloud observed in the morning on Mer-

cury still appeared to be there in the afternoon, but while the

ruproved by the clear sky, it seemed just as

faint, ill defined and ghost-like as when the sky was vaporous.

Great efforts were made to see a definite luminous point in this

cloud, but nothing of the sort was visible. I was not able to con-

vince myself of the reality of the phenomenon, and I am rather

inclined to think it illusory from the well ascertained fact

that the nebulous cloud was best seen in the afternoon when
the image was slightly tremulous; but the moment it became
steady, the phantom cloud vanished entirely, and the disc of

Mercury appeared of a uniform intense bluish-black color.

During the whole time of transit, attention was given to the

supposed inter mercurial planets which might have been in

transit on the sun with Mercury, but no trace of such bodies

could be detected, either by direct vision in the telescope or by
projection on a screen. If such bodies do really exist and one

or several were in transit with Mercury, their apparent diame-

ter must be very small, and at least less than one-half of that

of the smallest solar granules, as a black object of this size

could have been easily detected during the afternoon.

Although pretty well defined, the edge of the black disc of

Mercury never appeared very sharp, even during the moments
of best definition ; nor did its outline appear perfectly smooth,



L. Trouvelot— Transit <

side, where the black disk seemed to be prolonged
short grayish appendage. This peculiarity already observed in

the niurning soon after the first internal contact, was still visible

during the afternoon when the sky was clear and the image
steady

; although it was not then so apparent.
A sharp watch was kept for the luminous ring, and I had

almost lost all hope of seeing it, when soon after the sky cleared
up, I saw a short and narrow arc of light hanging on the pre-
ct'dhio side of the black disc, and a little larger and wider one
on the following side. As a few small faculse were scattered
io the vicinity of the planet, I at first thought that Mercury
was passing over some of these objects, but iiTsoon became evi-

dent that these luminous arcs were really hanging to the dark
disc, as I could soon see them passing over the solar granulations
with the planet. Fig. 1.

Ihe seeing having improved soon after, I distinctly saw a

continuous ring of light encircling Mercury, and I continued to
see the phenomenon for tv, o b< iky clouded
up after five o'clock. I have not the least doubt as to the
reality of the phenomenon, as it was well seen and carefully
observed. During the most favorable moments it was very
obvious that the ring had not the same degree of brightness
throughout, the brighter parts being; well defined on the sun,
while the others were diffused. Taken as a whole, the ring
appeared brighter than the surface of the sun, and tor intensity

be :, compared to the narrow and faint faculas
sometimes seen at some distance from the sun's limb. It seemed
to me that if instead of having been on the granulations, the
planet had been projected over some brilliant faculaj, by eoo-

nld have appeared surrounded by a grayish instead
of a luminous ring. The outer edge of the ring did not appear
sharply defined, except at its briirhtt-st parts, but its inner edge
was much more apparent, and the irregularities of the black
disc very visible on this luminous background.

The nug did not appear perfectly concentric with the black
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disc, and this became very apparent a little before five o'clock

when the seeing was at its best Then it certainly appeared
narrower on the preceding side than on the following. At this

moment I estimated its width on the preceding side at about

one-twentieth of the diameter of the disc, while on the follow-

ing it was estimated at about one-fifteenth. Fig. 2.

Between four and five o'clock, Mercury was spectroscopically

observed with an excellent diffraction grating which I owe to

the kindness of Mr. Kutherfurd. The spectrum appeared of an
intense black color, much darker than any of the absorption

: the solar

edges. I attentiv

appeared thickened or deflected close to their point of contact

with the spectrum of Mercury, but nothing was seen. I do not

remember having seen the spectrum of the luminous ring form-

ing a bright band on either side of the black spectrum, but

unfortunately the thought of making this observation did not

occur to me sit was over. Judging from the

bright appearance of the ring, it is quite likely that this spec-

trum would have been visible with a spectroscope of small dis-

persive power.
After five o'clock the sky became partly cloudy, and observa-

tions were difficult. At 5 h 54m the definition was rather bad,

the image being unsteady and the limb of the sun wavey
and boiling. A minute or two before the third

contact, the sun disappeared behind a narrow, but

opaque cloud, and when it emerged from it, inter-

nal contact had taken place and was consequently

lost, the planet having then about half of its disc

engaged on the sun's limb. While Mercury was

wring over the limb, I easily and very dis-

tinctly saw that the two angles formed by the limb

of the sun in apparent contact with Mercury had

their corners rounded off. Fig. 3. This phenomenon
which was very apparent seems to be of the same
nature as the black drop, which I had not the good

fortune to see. I do not remember having seen at

this time any trace of the luminous ring either on,

the sun, but the seeing was bad at this moment, and

much occupied with the last contact that

liKeiy it nas escaped my notice.

5 already stated, the sun's limb was wavey and boiling at the

time of the two last contacts ; it is undoubtedly owing to this

fact that at 6h m 14s
, Mercury completely disappeared from the

limb of the sun, and last contact was recorded. However, a

few seconds later, the planet reappeared and was seen still

notching the sun's limb, it having probably been lost in the
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trough of some deep wave of the sun's edge. The last contact
occurred at 6h m 36 8

7, Harvard Coll. Observatory mean time.

No trace of the planet was seen after it left the limb of the sun,

but the sky was not very clear and the image was too unsteady
to make delicate observations.

The luminous ring observed around Mercury in tea

generally been attributed to the horizontal refraction undergone
by the rays of the sun in passing through the dense atmosphere
which is supposed to envelop this planet. This explanation
seems quite plausible, although it is difficult perhaps to con-
ceive how atmospheric refraction alone can produce such a
phenomenon, and it would seem that something else is wanting
to fully explain it. Perhaps the refraction theory might some-
what be helped by the fact that the sun, having a vastly greater

diameter than Mercury, must necessarily illuminate at all times
more than one-half of the globe of this"planet, and this surplus
of illumination must be visible from the earth during transits,

and appear as a thin luminous ring surrounding Mercury. Of
course the distance between the sun and Mercury considerably
reduces the apparent breadth of this ring ; but still it is there

;

and this, combined with the horizontal refraction, may explain
the observed phenomena.

Cambridge, May 8th, 1878.

Art. XIII.—Discovery of a new Planet ; by Professor C. H. F.

Peters.—From a letter to the Editors, dated Litchfield Ob-
servatory of Hamilton College, Clinton, N. Y., July 3, 1878.

On June ISth I marked upon my chart, quite near to a star

of the 11th magnitude, another of the 12th or 13th magnitude
;

and on June 19th this star was no more in its place. I there-
fore drew upon the chart all the small stars in the neighbor-
hood

; but before the one among these that had revealed itself

by its motion as a planet, could be recognized, the sky had be-
come thick. On the following evening, June 20th, there was
no difficulty in finding the planet. Its position was put down
on the chart; but when the micrometer was arranged for obser-
vation, it had clouded up. So the sky remained until June
25th, when a complete determination of its position was ob-
tained. Having notified Professor Pickering, I have received

- - also an observation of the same evening,
made by Mr. Winslow Upton at the Cambridge observatory.
The following are the positions of the new planet, I have

succeeded in gathering here, including those graphically
obtained from the chart.
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[188] apparent.

Art. XIV.— On ~ r,>dnrnt<A Bitumen"

Dr. Percival's observations on the occurrence of what he
called "indurated bitumen" in the trap of Connecticut valley,

given in his Ge< ogical Report of Connecticut (1842) are briefly

mentioned in Mr. I. C. Russell's paper, page 112 of this volume.
Percival's notes are so full, and of so great interest, that we cite

further from his Report.
Speaking, p. 315, of the common variety of amygdaloid accom-

panying the trap he says, that r gj are some-

resembling anthracite in appearance." Further, p. 318, that the

metallic veins in the trap, whose ores are sulphides of copper, lead,

zinc ami iron, in a matrix of " sulphate of barytes, quartz and
calcareous spar," " occasionally contain seams or nodules of indu-

rated bitumen, similar to that already noticed " on p. 318, and
that in the " altered rocks adjoining the trap"—the sandstone

—

various minerals are often found, including "hyalite, epidote,

chlorite, brown spar, fluor spar and indurated bitumen." Again,

p. 320, he remarks that in the trap region of Berlin and Hartford,
there are in the shale apparent dikes that consist of indurated
shale, "through which points of bitumen are disseminata 1, fti

already noticed in a variety of amygdaloid;" and that in the
brown and bituminous shale accompanying these dikes, there are
'• also included seams of bitumen with brown spar and sometimes
with fluor."

The above are general statements as to the different modes of
occurrence of the " indurated bitumen." In the course of the fol-

lowing pages he mentions the facts at special localities.

On page 376, he observes that east of Farmington near the
north point of a ridge of amygdaloid, "a quantity of indurated

n-idcrcd as coal) was found on the back" of the amyg-
daloid, the pores [amygdaloidal cavities

|
of which in the vicinity
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consists of quartz, calcareous spar and sulphate of barytes."
Page 382. In the trap range west of Middletown "where tne

-tiv:,,,, itht- M.-.ti !.. -i.-k. erases the third (Eastern) ridge, con-
siderable quantities of indurated bitumen have been found in the
trap. .»*-.-n|.yiii'_r v. ins and the cavities ot lar^c quartz geodes";
and farther north, on the east side of the same ridge, where the
trap appears as a dike and is bordered laterally by brown indu-
rated shall' small veins occur" in the trap and shale containing

-

barytes and calc spar, and also ine Ui rated bitu-

men. On page 384 he observes that in the line of the ridjie pa-s-
in- through New Britain, at Hart's Mills, there is a wide bed of

miles of
New Haven, to the northeast and north.
Page 388. South of Hartford, toward the southern end of the

_" called Rocky Hill, where it i< nearly east and west in

course, it " crosses a wide valley in which is a large bed of bitu-

- ale containing fish impressions, recently excavated for
coal." The ridge terminates toward the north in low swells of

; and ju-r northeast is a mass ,_,f dark greenish indu-
rated shale. tb seams of
bitumen and calcareous spar and traces of copper.
After speaking in several places, on pages 428 to 447, of out-

crops of bituminous shale and limestone, forming part of the Tri-
assic sandstone formation, and often containing fish remains, he
mentions on page 451 the occurrence of similar bituminous shale
and limestone in the small Triassic area of Southbury .'which is

pendent of that of the Connecticut valley, and fifteen

Jt of it) ; and adds that " seams of indurated bitumen and
\'}

> " "t mi - shale and
nd the latter, particularly, is sometimes impregnated

nportance toward settling the

,„ .v drocarbon of the amygdaloid.
.. show that the material occurs in the Triassic Yoeks as

h he called

I'itumen. Professor C. U. Shepard, his associate in the
survey of Connecticut, mentions the "indurated bitumen" (Rep.
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1837, p. 61, 62 and 152); but calls the mineral from the West
liairi ri ;r.i., -iiithracite. He remarks that the coaly substance
from " the trap at Farmington, Southbury and Rocky Hill, Hart-

* ' nites slowly and burns without odor ; further that t'

from the shale at Berlin, and the bituminous shales of Southbur

quarry i

as to form what is called elastic bitumen or mineral caoutchouc,

is "compact bitumen"; that "in many instances when freshly

taken from the quarry it is semi-fluid, or only so much inspissated

and burns with a white flame and much smoke."
Percival recognized the igneous origin of the trap, and the fact

that the Triassic or "Secondary formations were formed from the

debris of the Primary rocks." The remark with which he closes

the subject implies that he supposed the bituminous material to

> come from the same deep-seated source as the trap.
* special presentation of them, are so well c

the bituminous shale and limest

facts, and his special presentation of them, are so well calculated

of this " indurated bitumen," and that the trap, while on its way
to the surface, took in the gaseous hydrocarbon distilled from the

rocks by the heat—nearly at the same time that it took in mois-

ture in vapor from some sources of water and so became hydrated
and vesicular—(a view I have for some years held*),

probable that, after observing with so much detail the wide dis-

tribution of the bituminous shales and limestone, he should have
attributed all the impregnating hydrocarbon of these rocks to the

igneous eruptions.

The view that the bituminous material in the trap came from
the shales and limestone and was taken in by the hot trap on its

way through these rocks, is brought out by Mr. G. W. Hawes in

this Journal, on page 56 of volume ix, 1875. J. d. d.

SCIENTIFIC INTELLIGENCE.
I. Chemistry and Physics.

1. Underground Temperatures.— The subject of underground
temperature is daily receiving more attention. Sir William
Thomson, in the Phil Mag. for May, 1878, No. 32, page 370, pro-

\ the following probL
Problem I. A fire is lighted on a small portion of an uninter-

rupted plane boundary of a mass of rock, of the precise quality of

that of Calton Hill, and after burning for a certain time is re-

moved, the whole plane area of rock being then freely exposed to

* This water I have supposed to have largely underlaid the Triassic formation,

occupying spaces between it and the subjacent metamorphic rocks, and also to

have existed in and among the strata of the formation—the beds being often porous

sandstones and loosely united (this Journal, vi, 1873, page 108); and if mainly

from beneath the Triassic, it would have been taken in iuat before the hydro-



the atmosphere. It is require*! to detern

duction of heat through the interior.

Problem II. It is required to trace the effect of an unusually-

hot day on the internal temperature of such a mass of rock.

Problem III. It is required to trace the secular effect conse-
quent (in a sudden alteration of mean temperature.
Problem IV. It is required to determine the change of tem-

perature within a ball of the rock, consequent upon suddenly
removing it from a fluid of one constant temperature and plunging
it into a fluid maintained at another constant temperature.
Thomson confines himself mainly to the mathematical discussion

of problem I, since the solutiou for problem I can be applied with
slight variations to problem II and III, and problem IV is an
example of Fourier's well known solution for a globe, which has
lately been treated in detail by Professors Ayrton and Perry.
Problem I is thus stated according to the author's assumptions :

%all area of a n i fi.it r h.„. j, rminnthig on on?

liform trap rock, which extends up i,„l.f„;t<hj

in oil din Hi,,,, s on tli.
'

i heated for
Pn'J.hj *i„„'t tiitn,n„d t/i> »'•!,,>' wf>i<; is ;„«t.,„*l

:l :,„,! f,,;r,r
•if>r ,,,'ii ,////,. ,1 .it ,, ,<,,,.',! ,,

t >' ,,i/'fr>if>'rr. If is required to de-

ttnniini the runs, pi „t ;,,t. ,-,, i' ,/ /•/,///.„/* ./' temperature."
From the mathematical expression obtained from this statement

the following conclusions result.

(1) The simultaneous temperatures at different points equi-

distant from the position of the fire are simply proportional to the
distances of these points from the plane surfaces.

(2) The law of variation of temperature with distance in any
from the place where the fire was applied, is the same at

all times.

(3) The law of variation of temperature with time is the same
at all points of the solid

(4) Corresponding distances in the law of variation with dis-

f:i'iee ii\erea>e in proportion to the square root of the time from
'-'• ^'plication and removal of the tire; and then-fore, of course,

'''"'i-'-spondinu- times in the law of variation with time are propor-
tional to the squares of the distances.

. (») The i: the temperature, in the law of varia-
'

: "ii with dUauee, diminishes inversely as the square of the in-

creasing time.

,
(t») The maximum value of the temperature in the lawT of varia-

nme, at any one point of the rock, is inversely as the
fourth power of the dial ice where the fire was
applied.

(7) At any one time subsequent to the application of the fire,

the temperature increases in any one direction from the place
where the fire was applied to a maximum at a distance equal to

^ -'//, and beyond that falls to zero at an infinite .;

<veiv direction. 'Hie value of k for the trap rock of Calton Hill
Am. Jour. Sci.-Third Series, Vol. XVI, No. 82.—August, 1878.
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being 141, when a year is taken as the unit of time, and a British

foot the unit of space, the radius of the hemispherical surface of

maximum temperature is therefore 16-8 X\Z* feet. Thus at the

end of one year it is 16*8 feet, at the end of 10,000 years it is 1689
feet, from the origin.

(8) At any point at a finite distance within the solid (which, by
hypothesis, is at temperature zero at the instant when the fire is

applied and removed), the temperature increases to a mnviruurn

at a certain \ , - to zero auain after an in-

finite time ; the ultimate law of dii ersely as the

square root of the fifth power of the time. The time when the

maximum temperature is acquired at a distance r from the place

where the fire was applied, is j^. , or, according to the value

t 2

found for trap rock, "Sa^fi °^ a year- Thus it appears that ftf one

French foot from the place of the fire, the maximum temperature

is acquired a day and a half (more exactly 1-54 days) after the

m and removal of the fire. At 15*4 French feet from
the fire, the maximum temperature is reached just a year from the

beginning, and at 1540 feet the maximum is reached in 10,000

Many observations on underground temperatures have been
made by Dr. Schwartz in the mining district of Schemnitz in

Hungary. A resume of his work has appeared in Nature, April

11, 1878. Observations were taken by the means of ttn lvuriai

thermometers, placed in holes -422 and '79 of a metre, which were

bored in the rock of thirty-eight galleries. In the final reductions

Dr. Schwartz compares the temperature in the deepes*

of each shaft with the assumed mean annual temperature of the

ground at the shaft mouth. He also gives his reasons for believ-

ing that the mean temperature one meter deep in the localities in

question is 1° C. higher than the mean temperature of the air.

From the reduced observations we learn that there was a total

increase of 38°-3 C. in 1587 m., which is at the rate of 1° C. in

ck upon the above, gave

The rock consisted mainly of trachyte and greenstone. From
an analysisof the rocks the report appeal's to "indicate important

variation-, in temperature, due to the decomposition ot metallic

sulphides. Observations have also been taken by the manager
of the Boldon Colliery, between Newcastle and Sunderland, in

holes bored upward to a distance of ten feet from some of the

deepest seams. The thermometer used is characterized as a slow

action one—not a sell-registering one—and was placed in the bot-

tom of the hole and protected by an air-tight plug. The dist ance

of the thermometer from the surface of the earth was 1365 feet.
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Th';> ilMTiiiniiu'trr. thus placed, gave an indication, April 26, of
75°. which was the same for four consecutive weeks. The same
thermometer was placed in the same manner in another hole,

1514 feet from the surface of the earth. Observations taken in

July and August gave a temperature of 79°. The mean annual
temperature at the surface was assumed to be 48°. For the inter-

val of 149 feet between the holes, there was an increase of 4° F.
which is at the rate of 1° F. in 37 feet. In the whole depth of
1514 feet from the lower surface to the lower hole we have an
increase of 31°, which is at the rate of 1 V. in 49 feet. Late

i th Summer heat influences

observations taken even at a depth of sixty feet. J. t.

2. On the Law of Solid Formes.—Schroder has investigated
the question of the volume occupied by elements in the solid
state in compounds and has discovered a law which he calls the
law of solid volumes and which he enunciates as follows: In
every solid compound, the volume in the solid state, i. e., the
stere, of one of its elei of the forces

other ele-

ds, one of
the elements assimilates to itself all the others. The molecular
volume of a compound in the solid state requires as many atoms

multiple of the controlling stere. A solid molecule contains
therefore only entire steres of each element contained in it. The
solid molecule of zinc contains Zn

3
and of zinc oxide Zn 3 3 ,

because, both alone and in the oxide three zinc atoms occupy the
volume of five steres, the three oxygen atoms occupying the vol-

ume of three. In a formula, Schroder indicates the number of
steres of an element by an ordinary, and the number of atoms by
a sub exponent. A stere-value is marked by a line over it and a
volume calculated or observed, by a line beneath it. Thus silver

for example, Ag2=2X5-14 =10-28 ; obs. vol.=10-2s, means that

an atom of silver or 108 grams takes a space of 10-28 cubic centi-

meters
; i. e., twice 5-1 4 c. c, or two silver steres. For the chlo-

ride, iodide and bromide of silver, he gives Ag*Cl3=5X5U=
2jr70_; obs. voL 25-7. AgfBr* =6 X 5-14=30-84, the obs. vol.

Agfl«=8X5714=4112, also the obs. vol. In all three, the con-
trolling volume is the silver stere, silver entering as two steres,

three, bromine as four and iodine as six. The author

bis law to a large number of chemical compounds and
obtains some significant results.—Ber. Berl. Chem. Get., xi, 1 109,
May, 1878. G. P. b.

3
- On Flame Temperatures.—Rosetti has continued his experi-

ments upon the temperatures of flames ami finds that although
gas flames are much increased in volume by pressure, the corre-
sponding zones show nearly the same temperatures, the difference
wing only 20'> for a great variation of pressure. The maximum
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temperature in rt ]><:. -mil !'.ui.> n lairnm- e,.n<utning to one vol-

ume of gas 2-2 of air, \va- lotto ; becoming 1151)° when the

volumes of gas and air are equal. Using a Bunsen burner closed

below, the m >•'<>>> rv«-<l with a mixture of gas

and nitrogen was 1240°, when the proportions were 1 of gas to

U of N, and with carbon dioxide, 1190°, the proportions hem-- as

1 to h. A stearin candle flame had a temperature of 940 , a

L atelli lamp of 920 , a petroleum lamp without a chimney 920°,

in the luminous and 780° in the smoky portion, with a chimney
1030°, an alcohol lamp 1170° with alcohol of '912 sp. gr. and
1180° with alcohol of 0-822. Hence the correctness ol

alcohol for burning.—Bar. Bert. Chem. Ges., xi, 809, April, 1878.

4. On the Production of Ozone, Hydrogen peroxide and Per-

.w Jrh <,•!<• </•>'"' h,, /-,'/..•',•.. w/.s'/'..-. —'Cue ii ter'-.r \ "lame of oxygen
gas set free in the electrolysis of water acidulated with sulphuric

acid, at first observed by Faraday, has been noticed by all physio*

ists who have used the voltameter. Bkuth ki.ot has

to measure this loss and to determine its cause. That it is not

due to the production of hydrogen dioxide by the electrolytic

ozone acting on the water/is shown by the fact that water and

ozone do not combine together directly. Nor does the hypothesis

that the oxygen splits into ozone and antozone during electrolysis

tit the ease, since the relation of the active oxygen existing as gas

is to that e id, so small, only a twentieth part,

of Berth there was 2*2 mgn
n the If "

collected may fall to

vo-thirds of its theoretical value. In Berthelot's experiment,

12-2 c. c. hydrogen was collected in ten minutes, but only 3 '6 c. c.

of oxygen instead of 6"14. Since the oxidizing body found in

the solution occurs only when this is a<;<;

acid, Berthelot concludes that it is really persulphuric aeid ;
a

view which its reactions coufirm. Further, oxygen is gradually

hing in the course of a few hours,

ing it. The bearing of

these facts upon the use of sulphuric acid in a voltameter, is evi-

dent.—i?«#. .So/-, r/,., II, xx ix, 348, Apr. 1878. g. f. b.

5. On the l'<>h/J<>d>''h:s.—.Iohnsox, who in 1876 discovered

potassium triiodide, ordinarily represented as KI 3 , has experi-

mented to ascertain whether the more probable formula is not

K , I analogous to Hgl
6 , and whether one of the potassium atoms

cannot be replaced by a univalent metal, or two atoms in two

molecules KJ 12 by a bivalent one. Silver iodide, potassium

iodide and free iodine were dissolved in the prop -v; i

AgK
3
I I2 . On slow evaporation, potassium -i ver iodide first

separated in crystals, next crys) oodide and

i y crystal; 1 _ t fonm \_K 1 K I. On reoeaTm-



to produce a thallium compound
•essful. With lead by adding to

of sugar of lead in boiling alcohol, a strong ah oholic sohil

potassium triiodide, the ~Ii<
t

uid deposited on cooling sinal

formed crystals, square prisms aggregated in clumps, str

dichniic and permanent in the air. On analysis it ga\

remarkable empirical formula Pb
8
C.(6H S4 28K 6 I J7 . No ra

formula for it
;

; h. .W., xxxii

May, 1878. g. i

proportion of CS
2
is passed for some days through

mercuric cyanide in potassium hydrate, a white precipitate is

formed, which finally becomes of a beautiful scarlet. To prepart
it directly mercuric oxide i- boiled with potassium cyanide, addinc
potassium hydrate in exci s-*, agitating with < S„ and gently warm
ing. When wa--; aiiion in color, but

> a jet black m
12 it. Tt has ting, becoming scarlet again on pulverizing i

formula IigSXDH, and is attacked only by aqua regia and ehlorin

Hydrogen sulphide docs not affect its color. The autl

ponsudion, from P»,,s ., £7/7, the old name of Xewcastle-on-Tyn
The white precipitate, which is at first produced, when collecte<

washed and dried, is a grav white powder which explodes
iently when heated to about 400° F., depositing a substance like

soot. It has not been analyzed but appears to be a mixture of
nv " b.-di.-v. . i„. ,. .n'ainin- -ulphur the other cyanogen. To the
!: ' r <;.- the ami; . r u-ives the name cyanone. The mercury may be

i

i
1 b\ pper, forming i equally ex

j
sivt body. The ex

plosions in brass ,,r copper gas pipes 'mav be due to this copper
••uipound produced by th< C'S in the gas.—Be,: Bed. Chem.
<".?•-'., xi, 517; Jour. Chnn. Soc, xxxiii. tot, May, 1878. g. f. b.

7. On f/ifi Atomic W,hj!,tof (ioUvun.— Le< oq ok BoLsn.uouAN
has determined, at least approximately, the atomic weight of gal-
lium by two different methods ; i. e., by ignition of ammonio-
gallium alum, and by calcination of the nitrate, prepared from a
known weight of the metal. The ammonio-gaUimn alum was
1 ''

!'
''' d \\ i*!, th. mi t i

1

re< ent!\ . btaim d b\ tin uithor in con-
junction with Jungfleish. By repeated crystallizations the last

traces of zinc and of copper were eliminated. The alum was

:! mum and heated to bright red-

- grams of alum gave 0-5885 gram of gallium oxide
(r ° 'sing nothing on further heating. 'From these data the

- r is 70-032. For preparing the nitrate, a fragment
• was used which came from the previous quantity. No

foreign bodies , d b, i,
•

, . | „ it with th q>< t roscope. It
]

in nitric a -i i .-..ntaiuii _ , littl hydr .chloric, evapo-
"•

I with nitric acid, again evaporated, and finally cal-
'ined at bright redness, I.-44M gram of gab'mm gave 0-60345 of
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ies in the materials gave
atomic weight of 69'698.

The mean of these two values is 69*865. This value is very near
those deduced from the position of gallium in the chemical scale.

That leduced from a classiti ttioti >f the elements based on their

properties and atomic weights is 69*82
; that based on the wave

lengths of its lines is 69-86 ; and MendelejefFs classification gives

it 68.—Bull. Soc. Ch., II, xxix, 385, May, 1878. g. f. b.

8. On Hexoylene, prepared from Mannite.—By addit"

i hoxyh nt' . . mi d hy treating the

proauct so as to separate hydrogen bromide, a nionobromhexylene
results. Hecht has now observed that by treating this substance

with alcoholic potash in closed tubes for 12 hours at 160°-170°, it

gives up all its bromine and is converted into hexoylene. On
adding water to the distillate from several tubes, two portions

separated. The first a yellow liquid which floated on the surface,

was hexoylene ; the second, which fell to the bottom as a yellow

oil was undecomposed monobroml T about one-

third of the quantity used. The hexoylene distilled between 80°

and 83°, and is a colorless mobile liquid of a penetrating disagree-

able odor. It is optically inactive, has a specific gravity of 0*7494

at 0°, does not solidify in a freezing mixture and has the formula

C
fl

H
10

. It is not attacked by hydrochloric acid, but is dissolved

by strong nitric ana sulphuric acids, it does not reduce ammoni-
acal copper or silver solutions. Oxidized with chromic acid it

yields ncetic and butvrie acids. Hence the author aivcs it the

constitutional formula CH—C=C—CH—CH —CH
3

. The di-

and tetra-bromides are described.

—

Ber. Berl. Chem. Ges., xi,

loon, May, 1878. g. f. b.

9. On Phytosterin.— Y$y extracting finely pulverized calabar

beans at ordinary temperatures with p- troleum ether, Hessk has

Btttoceeded era an oil, possessing their odor in

a high degree, which on standing became filled with crystalline

plates. These recrystallized from hot alcohol, are brilliant white

in color and contain crystal-water. But from chloroform, ether

Irous. It is not soluble in water

or alkalies, fuses at 132° to 133°, and affords on analysis the for-

mula CMH 4l
O. Hesse calls it phytosterin. It was first noticed

apparently by Beneke in peas and erroneously called eholesterin.

It is optically active and rotates to the left, though less than

ch.desterin. Assuming that C..,H
;

O is its correct formula, that ot

eholoterin being C,.H
4„0, it would appear to be the next higher

homologue of the latter. The author suggests that phytosterin

as well as cholesterin may occur in the animal organism. The
physiostigmin of Kennedy he regards as phytosterin.—Liebig's
Air,,., cxcii, 175, May, 1878. g. f. b.
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II. Geology and Mineralogy.

K.A.. P.G.S., and C. E. De Range, Esq., F.G.S.—The authors
describe the Laurentian gneiss that occupies so large a tract in

Canada as extending into the Polar area, and alike uuderiying
the older Paleozoic rocks of the Parry Archipelago, the Cretace-
ous and Tertiary plant-bearing beds of Disco Island, and the
Oolites and Lias of East Greenland and Spitzbergen. Newer
than the Laurentian, but older than the fossiliferous rocks of

1 pper Silurian age, are the Cape-Kawson bed>. funning the coast
line between Scoresby Bay and Cape Cresswell, in lat. 82°40';
these strata are unfossilii'erous slates and grit clipping at very
high angles.

From the fact that Sir John Richardson found these ancient
rocks in the Hudson's Bay territory to be directly overlain by
litnevtnues, containing corals of the Upper Silurian Niagara and
Onondaga group. Sir Roderick ' ! d the Polar
area was dry laud luring th, whole of the interval of time occu-
pied by the deposition of strata elsewhere between the Lauren-

Upper Silurian; and the examination by Mr. Salter.

J. ton and others, of the specimens brought from the
Parry Islands have hitherto been considered to support this view.
The specimens of rocks and fossils, more than 2,000 in number,
h "'ought by the late expedition from Grinnell and Hall Lands
have made known to us, with absolute certainty, the occurrence
of Lower Silurian -p. i. ^ in ..,-ks underlying the Upper Silurian

;

:ll "l as several of these Lower Silurian forms have been noted from
w* Arctic Archipelago, there can be little doubt that the Lower
Silurians are there present also. The extensive areas of dolomite
of a creamy color discovered bv M'( lint., -k around the magnetic
i'" 1

;
- on the western side of Boothia, in King William's Island,

;

; "'
;; I'rinee of Wales Land, abounding in fossils, described by

ie of the Silurian era
;ili

;

!

,

possibly a portion of the Devonian.
the base's of the Silurians are seen in North Somerset, and

l '""sist of finely stratified red sandstone and slate, resting directly
on the Laurentian gm ape Bunny
and in the cliffs between Whale and Wolstenholme Sounds.
Above these sandstones occur ferruginous limestones, with <pi irtz

grams, and still higher in the series the cream-colored limestones
come in. The Niurians occupv Prince Albert Land, the central

porti,,,, of North Devon, and the whole of Cornwallis

iferous Limestone was discovered, rising to a

2,000 feet, on the extreme north coast of Grinnell Land,
and Parry Peninsulas, and contains many sj.» ciei "t*

inou with th* rocks of the same age in Spitzbergen
; ""' &e Parr .;_,- connected
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with the limestone of that area, by way of the United States

range of mountains. The coal-bearing beds that underlie the

Carboniferous Lime-turn - of Melville Island are absent in Grinnell

Land, but they are represented by true marine Devonians, estab-

lished in the Polar area for the first time through the determina-

tion of the fossils by Mr. Etheridge. In America a vast area is

covered by Cretaceous rocks. The lowest division, the Dakota
group, contains lignite seams and numerous plant-remains indicat-

ing a temperate flora ; overlying the Cretaceous series are various

Tertiary beds, each characterized by a special flora, the oldest

containing -ub-tropi< al and tro] '

-al tonus, -neii as various palms
of Eocene type. In the overlying Miocene beds the character of

the plants indicates a more temperate climate, and many of the

species occur in the Miocene beds of Disco Island, in West Green-

land, and a few of them in beds associated with the 30-feet coal

seam discovered at Lady Franklin Sound by the late expedition.

The warmer Eocene flora is entirely absent in the Arctic area, but
the Dakota beds are represented by the " Atane strata" of West

1

* which the leaves of dicotyledonous plants first

appear. Beneatl

p ' i i ug bed- bearing a somewhat warmer climate, re-

sembling that experienced in" Egypt and the Canary Islands at

the present time. In the later Miocene beds of Gm-:;

bergen. and the newly discovered beds of Lady Franklin Sound.

the plants belong to dimatal conditions 30°

present, the most northern localities marking 1

* of Grinnell Land and Greenland

, beds of glacio-marine origin, with

i species as are now living in Kennedy Channel,

extending up the hillsides and valley -lopes to a height of 1,000

feet, and'reaehing a thickness of from 2oit to S00 feet. These de-

posits, which have much in common with the " bowlder-clays" of

English geologists, are formed by the deposition of mud and sand
carried down by summer torrents and discharged into fiords and
arms of the sea, covered with stone and gravel-laden floes, which.

melted by the heated and turbid waters," precipitate their freight

on the mud below. As the land steadily rise- these mud-beds are

elevated above the sea. The coast is 'fringed with the ice-foot,

forming a flat terrace 50 to 100 yards in breadth., stretching from

the base of the cliffs to the sea-margin. The wall of ice is not

made up of frozen sea-water, but of the accumulated autumn
snowfall, which, drifting to the beach, i- converted into ice where
it meets the sea-water which splashes over it.

—

Proc. Geol. Soc,
Lomlnn. April, 1878.

2. On the l
J
,ih m.tnh.,,;,;,} r**»ltx „f the re-ent Polar Expedi-

tion uwter Sir (hor<,< X«res, K.< . B.lF.R.S, ; by Captain II. W.
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Fbildew, R.A., F.G.S., and Robert Etheridge, E q., F.R.S.,
F.G.S.—In this eonununicath n the authors brought
Society the paleontological r collection

made by the naturalists and ( fher om< rs of the late

to the Arctic Circle under A ie purpose
of the paper was to record th presence of Silurian aiu
erous tossils in the highest la v x -

°lf

the former group 6w species h \ 1m n leterm n ,

the Lower to the Upper Silt rian. Loth Llandeilo an
types being present and numer dus, notably in the class 1

two species of the genus Mad n«:uu\lidh.r„p]i»n,\s-\ h >tr..p/to-

donta and Raphistoma, &c, al o the o-eiius i; t r,,,tn>,,!;t ,s. L'pper

l>elonlnmr to Halyntes, /-•>>...<;(,*,

ll> 1 1,,!'- f
> -. I-hri'sf. n'.i, Z<ir in - n is. A„Th. .-lis, C,(,. tf,,.,.,;,,?',!,,,. and

Arachnophyllvm were noticed ami correlated with Br
when possible; but, on the w hole, the facies of the C
is American rather than Eur >pean. Among the Cm A: eea live

genera were noticed—Bron
foetus, all Upper Silurian:

•tnts, and
Hid th. uums Jwy,/ , associated

Atrypa, ^Strophomen 1 have been dete mi: ed.

?9° 34' to 82° 40' N. h Henry,
where Captain Feih

•s. elderly Br
and Polvzoa, all det
rather than British. Mr. Etherid-e'

s of Brachiopod: /the
Dana Bay of the Devonian rock bel * tl

stone south of Cape Joseph Henry an i F, idell Nthmiss the want
of plant-remains prev

now be doubtec

latin, will sa stage
of Beer. It cannot
fauna extends to, and is present, from lat.

tratmg both the low of rucks.

especially the equiva lents of our Wt nh.e in. north
of these there sets n a clearly dent arbonihu-ou~-

:l, :'I pi-"b :l bly striking away beneath t H I iar se ilt o>p .heroet"

li-scril id b\ To ala. The
sh- w that on

/oh- f; ma u is 111 „v nearly

of Ei

hoWB !ar_

e Brlti-h

ks

i.d ii .rest nil e physical
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this and other collections made, hut there appeared to he
They also discussed the question of the deposition and exte

of the Lias as represented at Eglinton Island and Spiub.-i _ u.

PtHiixylvania, by I. C. White. 338 pp., 8vo. Harrisburg,
187s.—The bituminous coal-fields of the district here reported

ipon are carefully described, their coal-beds, stratifii

days, oil-sands and oil-wells, and other points of

upon are carefully described, their coal-beds, stratification, fire-

clays, oil-sands and oil-wells, and other points of geological

interest, and illustrated by three geological maps of parts of

and All 1 twenty-one plates of

vertical sections. Mr. White also describes the surface features

of the region, includuin- the river valleys, the drift, and the height

and constitution of the terraces. Along the Ohio and Big Beaver
the terraces are continuous and have the following heights above

the river : 1st (lowest being the present flood-plain of the river)

30 to 40 feet; 2d, 60 to 80 f 3d, 1-0 to 130; 4th, 200 to 220; 5th,

280 to 300 feet. The 2d and 3d are wide and consist in part of

coarse gravel and cobble stones. The 4th, on the Big Beaver,

has at top a deposit of yellowish white unctuous clay. The fifth

is seen a few miles below Pittsburgh, and is gravelly near its top.

At New Brighton, the terraces have the following heights

above the Big Beaver: 1st, 30 feet; 2d, 80: 3d, 12.3; 4th. 215

feet. The 2d is a mass of rounded stones, and so also the 3d.

The 4th extend- up the Heaver for a long distance and is covered
throughout with the creamy clay seen at New Brighton. The
clay yielded on analysis by Professor Wuth, Silica 51-34, alumina
3350, iron oxide :

78, magnesia 0*70, lime 1*85, alkalies I'll,

stated to be evidently a lake deposit,

and probably marks the limit to which the valleys of the Beaver
and Ohio were filled with silt during the Champfain Period.

the head of hurbd rtr, /</,,/,>„, is, Mr. White observes

that the bed of bowlders and detritus over which the Ohio flows

below the mouth of the Big Beaver has a great depth; that the
Ohio must once have flowed certain!', iix feet be low its present
level, ;md possibly over 200 feet. He shows that the Beaver
Creek for several" miles above its mouth does not flow in its old

channel ; and that this old channel was more than 100 feet deeper
than its present bed, an iron rod having been driven down to this

depth without reaching rock; and probably it is 200 feet below,
since, as stated by Dr. Newberry, the oil-wells bored at the junc-

tion of the Mahoning and Shenango, found no rock for 150 feet

below their present beds.
The volume commences with a Preface of much interest by

Professor Lesley, the director of the survey—the chapter to

which he alludes in his communication published on page 68 of

this volume. It contains also a description. b\ I..-.pu r- n\. "f = l

Fungus found on a Sbjilktria in a bed of caniiel coal, in Beaver

County, Pennsylvania; he name> it /:/,,';•. ,,. rv >. Sbjillarice.



Geology and Mineralogy.

aborate memoi
the Proceedings of the American Academy of Boston, on "the
metasomatic development of the copper-hearing rocks of Lake
Superior." These rocks are described as heavy (sp. gr. 2-8-3 05),
dark brownish black, augitic rocks, without hornblende in any of
the varieties, but often chrvsolitic. The triclinic feldspar is' for

the most part labradorite of anorthite, so that the chemical com-
position is to this extent essentially that of doleryte or a diabase,
or a chrysolitic variety of these basic rocks. They are generally
more or less altt red !<••: and the} are fre-

quently amygdaloidal—a very common fact with altered or
chloritic eruptive rocks. Titanic iron or magnetite and apatite
are also among the constituents.

Mr. Pumpelly has sought to determine with the aid of the
microscope and by optical methods, the order of succession in the
production of the constituent minerals of the rocks, and particu-

larly of the minerals made through the alteration of the ori-inal

minerals. In this study he has worked with great care, and has
readied many interesting re-ults. Not only have several varieties
of tl erupti\ rocks been investigat I mi - pic lly, but also
the condition of The rock in the vicinity of veins and cavities; the

- of each result of alterations, throu-'ii vai'ious stages, to
the mineral from which it spruu- and the further successive
changes that have taken place; and thereby he has illustrated in

different ways the subjects of pseudomorphism as well as the
parau-enetic relations of the minerals. Among pseudomorphs
after the feldspar of the rock he finds besides those of chlorite,

also others of prehnite, analcite, quartz and calcite. lie mentions
also, the occurrence of orthoclase, epidote, chlorite, quart/ and
calcite as pseudomorphs after prehnite. Among the results of
alteration of augite, there are besides chlorite of two or more
kinds, hematite, ma<_rnel be. calcite. quartz, native copper; and
among those of chrysolite, hvdrou- iron oxide, a liieeti serpentine-

The following are some of the cases mentioned of the order of

(1.) Prehnite. chiorit . ortf ,n , ise, ephb to, quartz.

(2.) Prehnite, chlorite, epidote. quartz, native copper.

(3.) Prehnite, epidote. calcite, quartz.

(4.) Prehnite. chlorite, orthoclase— orthoclase being a product
after prehnite.

,
In the filling of amygdaloidal cavities there have been formed

m succession, as pseudomorphs after prehnite, chlorite, calcite,

green-earth; in other cases, epidote and calcite.

-Mr. Pumpellv's memoir is without plates. But Ids clear
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The name adopted by Mr. Pumpelly for the principal part of the

eruptive rocks is rnelaphyre—as defined in the recent work on
lithology of Rosenbusch. The name has had almost as many uses

as there are writers that have use.] it. ami it would be better

if it were banished altogether from science. By optical means,

s of the " UK-laphyre " is inferred, iand als< • the
;

(U-esenee of

Hut De>Clc sc's method
. the feldspars to'tlu'

1

ex; >n of thin slices

of such aokm nvledged by the at ithor t o givie doubtful

in fact, j. The loir makes
se of chemistr;f in the determination of the'.

5. Discovery oj* Rock Salt at Wyoming ' in Western .Xe.ic York.

n from Mr. 3ami:s Mac LN to the

*//>•"•"' . on the 29th of last J«me, the very
discovery is announced of a bed of rock salt in the Onondaga
salt -roup. New York, middle of the Upper Silurian). The
locality is thirty-seven miles south of Rochester, on the Rochester
ami State-line Railroad. The boring passed first through 660
feet of shales of the Genesee, Hamilton and Marcellus groups;
then 110 feet of hard rock, reported as sandstone or linie>tone;

then 80 feet of hard limestone, when salt water appeared : below

this, tiso teet of k
- hard and soft rock, lim sion end shale" belong-

ing to the Corniferous limestone of the Upper Helderberg and the

Water-lime, and to the lime-tones ;uid shales of the upper part of

the Onondaga salt-group; next, 1,240 feet down, a layer of soft

shales 20 or 30 feet thick was p,^>cd through, and "then, at a

depth of 1,279 feet, the bed of rock salt was struck. It had a

thicknos oi 70 feet; of this, 40 or 50 feet consisted of pure salt,

and the rest was more or less mixed with earth; but we
earthy impurities were owing to the existence of layers of shale,

or to fragments of rock carried in by the boring is not ascertained.

The boring was continued to a depth of 1,530 feet, through adja-

cent red shales and red sandstones of the salt group, and the

Niagara limest was readied at 1,502 feet. Dr. Kngelhardt,

the chemist of the Syracuse salt companies, has visited Wyoming
and taken specimens of the rock salt for analysis. It is now pro-

posed to bore on the south side of the Syracuse valley, since there

is a prospect of striking the same bed;' it would be necessary to

carry the boring down only a few hundred feet to settle the ques-

tion. Success would substitute a mine of rock salt of indefinite

0. Ih-x.-rijs;,.. ../' th, UV.W >,„,„/,'„ v !!<"</- Ii *.//; by Chas.

A. Asmu-UNK.:. M.S.. Assistant <-,,!. Survey, IYun.—The'WiU'ox

•die-ally <everv seven minutes) t

from *85 to 115 feet. The wel

Clarion Creek, just north of the s
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•v <>f tlu- we'll m;iv lie brief] v stated as follows:

)x Well No. 1. or the ol-l Adams Well, was drilled in

a depth of 1618 feet and afterward continued to a
no feet,* where I he tools which still remain in the

" that is, no effort was made to keep

in the tipper part of the hole from following
the drill. Great difficulty was experienced in drilling on account
of a heavy water vein winch was struck at 60 feet depth. This
was more particularly the case after the gas v< ins at 1200 and 1600
feet respectively were met. The water would flow into the hole on
top of the gas which it would confine until the pressure of the

latter become >o -feat that a huge column of the water would be
thrown out of the hole to the annoyance of the drillers. This
occurred periodically.

After the tools \ven' lost the upper 400 feet of the well was

":• '

:

':
'. - ^' , h •

• :,
" : , r

rendering the hole practically dry.

J

The well was then tubed" and it is reported that as much as

100 barrels of oil were pumped ami -hipped to market; but on
account of the great expend '

t pi >< i iug tii petrol, um. the hole

and the gas allowed free escape into the
open air. The gas was afterward fired and the derrick burned.
Three or four years ago a wooden plug was inserted into the
casing, which onl\ permitted a partial - -cape of the gas.

About the beginning of the year 1876, when Well No. 2 was
started 900 feel li-tani, a pine < i vas made with Well No.
1, and the gas used s fuel ii lri ng Well No. -j The surplus gas
was conveyed through a I'-shaped tube and discharged over a

water tank, the w-ater being splashed by the gas over
f, f ii • pipy. Ti e pivs-uiv o! the gas being It. :-smhh u!\ relieved'''-

'

;

:

.

v
-

•'
'
m - -im The ice in i hi- case was produced naturally on the

same principle that governs the operation of the Kirk freezing
machine.
From the time the gas was first struck by the drill up to the

latter part of 1876, it seemed to have, according to Mr. Sdiultz, a

inished.

eedinga of the *A merira
he Petroleum Monthly c
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The resistance offered to the flow of the gas was so

great that after a few hours the gas ceased to flow entirely from
both wells, Nos. 1 and 2. After thirty-six hours of inactivity it

commenced flowing again with greater energy. In the early part

of January, 1*77, the pressure of the gas seemed to increase sud-

of the wooden plug \

which the gas was unable to blow out, the casing was broken at a

depth of 175 feet, and the upper portion lifted bodily out of the

well. As soon as this occurred the conditions which had existed

during the process of drilling were restored, and a column of

water"was thrown out of the hole every eight minutes to a height

-

ells ceased to flow without any obstruction having been

f., the gas made its appearance

nd began to throw the water w i: I, _i . at e: 1 rgv to a height

ranging from 85 to 115 feet; also with a smaller column from
three to eight feet liigh in the intervals between the larger ones

;

the phenomenon recurring every seven minutes.

During the time that the water columns are thrown out of the

well the gas is rh< r uglily mixed up with the water and is readily

ignited. The sight during the flow of the larger column is grand,

ly at night. The water and fire are so promiscuously
blended that the two elements seem to be fighting for the mas-

tery.

On July 19th, I closely watched the well for two hours, from

1.19 to 3.22 p. m., and carefully recorded the time of each change

in the condition of the water a ted from it,

noting the numUr <>: ,. and deter-

mining its maximum height by triangulation.

By an inspection of the intervals between the recurring pheno-

mena, it is at once seen that there is a marked regularity in the

action of the well; in fact, the slight irregularities observed may
in a measure be attributed to the personal equation of the ob-

server. In the time included from 10.39 a. m. to :i.lo
:| p. m., there

were counted S9 of the _ the average
time between the commencement of each column 6 minutes and
55 seconds.

Occupying every consecutive 7 ± minutes we have the follow-

The water from the " water vein" at the depth of 60 feet, and
from the pool surrounding the top of the conductor flows into the

well f >r s.i secnds, during which time no gas is detected i>Miing

from the hole. At the end of this time the water from the pool

ceases to run in, and the gas 1 is< - ...-'-.
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A column of water an d gas now commences rising, makes 6 pulsa-

_ht of 115 feet in 40 seconds, and
vanishes in one minut . The water from the pool and water vein

immediately flows int o the well for the second rime, continuing
for 1 minute and 30 s conds, during which rime no gas Hows out.

At the end of this tlme the gas rises bubble by bubble for 40
nds, win

ing a maximum height of 5 feet in 10 seconds and vanishes in 1

minute and 10 seconds. The gas still continues to rise but no
water flows into the well from the pool fur ::.'> seconds, when the
same series of phenomena repeat themselves. Such are the facts.

The explanation of the action may he readily imagined. The
pressure uf the gas having relieved itself in throwing out of the
well the larger column, the water flows into the hole until the
j.ressun of t he gas hecomes so great again that instead of rising

"!' h) ^nall bubble- rhiough the water it rushes out of the well,

throwing the water at the same time to a height of from 3 to 8
feet. After the column has vanished the gas continues to rise in

great quantities, keeping the water from flowing in from the pool,

until the pressure is exhausted. The water now flows into the
well till the pressure of the gas in its r s< rvoir h is increased to
such an extent that it thrusts out of the hole the larger column of
water to a height of from 85 to US feet.

The smaller column of water is probably produced by the gas
•fining from the smaller vein at 1200 feet depth, while the larger
column is thrown up by the gas coming from the greater vein at
a depth of 1600 feet/ But, of course, neither the one nor the
other column is produced by either of the gas veins exclusively,
for the gas must be flowing from both horizons more or less all

the time. It will be noticed that more water flows into the hole
directly after the larger column ha> been thrown up, and that the
smaller column throws up less water, and vice versa.

It was not possible to obtain the pressure or amount of gas
<m the well. The estimated pressure at the time that 1 75

feet of casing was blown from the well was about 250 pounds to
tie iqaare inch. It is possible that the accumulated pressure at

"hat the larger water columns are throw n up may be as
nigh as 250 pounds; but the constant pressure of the gas if unob-
structed by the water would probably not be more than 50
pounds.

The action of the Wilcox well is nothing novel, but the observa-
:i "- .u-.

:

i ; rating and valuable from the fact that a complete
r"""i 1 and histurv of the well have been preserved, and the
accompanying facts add much to what has been recorded of
"" ;, ~- wells.

7. Superficial Geology of British Ci
1 »aw-ov has an interesting paper on th

Columbia.—blr. Gko
-— - ".i interesting paper on this subject in the Quarterly

: .

?i i*ute Inlet, one of the fiords, as a chasm t<

into the center of the Coast Range, and surrounded by
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which in some pla<

to a height of six to eight thousand feet,

mouth are roches moutonn'ees, polished and grooved ; and one of

them, a steep mountain 3,013 feet high, is smoothed to the sum-
mit on the north side, while rough to the south. The striation of

the liute inlet region is S. 22° E., or in the direction of the valley.

The glaciation over southeastern Vancouver Island is attributed

to a great glacier which swept over it from north to south, a gla-

cier that tilled the Strait of Georgia, with a breadth in some
places of more than 50 miles. The fiords of t

the Strait of Georgia, an 1 i > the north, show it

exceeding 3,000 feet. In the interior, scratches were ooserveu on

the isolated Tsa-whuz Mountain (lat. 53° 40'), 3,240 feet above the

sea, whose course was a little west of south. At another place,

on the basaltic plateau near Fraser Valley, and 20 miles north of

the (hilcotin River, 3,350 feet above the sea, the direction of the

soatdus was about north-and-south. On Sinter Knoll, north of

Gatcho Lake, near the southeastern sources of the Nechaco River,

3,550 feet above the sea, the direction of the grooving was about

S. 8° E. South of the Salmon or Dean River, at an altitude of

3,700 feet, the grooving runs S. 37° W. These glacial markings
from north to south are attributed by Mr. Dawson to a glacier

moving southward. Terraces in British Columbia extend from

the sea-level to a height of 5,270 feet.

8. Geological Survey of Canada. Report for 1876-1877,
Alfred R. C. Selwyn, Director. 532 pp. 8vo, with several

colored maps. 1878.—This volume contains reports bv Mr.

Sklwyx, G. M. Dawson, J. F. Whiteayes, James Riciiakoso.v,

T. Sti:ri;v Hint, Kohkrt Ukll. Henry G. Vennor, G. F.

Matthew, L. W. Bailey and R. W. Ells, Hugh Fletcher, S.

II. Scudder, B. J. Harrington, and C. Hoffmann.

0*147, 1-780, volatile matter 0-17-8, 0-594;
ville. Carbon 99'815, 99"757, ash 0'076, 0-135, vol. 0-109, 0*108=
100. Ceylon graphite afforded him, Carbon 99*792, 98-817, ash

0-050, 0-283, volatile matter 0-158, 0-900=100. The ash of the

Canadian graphite gave, on analysis, 45 to 60 p. c, of silica 8-5 to

11 of alumina, iron sesquioxide 1'230-18'310, manganese sesqui-

potash and soda and traces of copper, nickel and cobalt.
Rensselaerite has been found by Mr Vennor in the

rocks of Portage du Fort. An analysis by Mr. Harrington
obtained i>\Q

2
61-33, FeO 0-67, Mu<> 31-76. *Ca< > trace water

lign.i 5-85=99-68. Messrs. Bailej
the all rtite veins and shales of Hillsboro, New Brunswick.
Tli.-y remark that the gypsum beds of Hillsboro have a thick-

ness of 150 feet, and that much of the rock is a pure white
ahibastt r. '1 hey are the most . .: . the plus-
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The coal-bearing rocks of British Columbia, according to Mr.
G. M. Dawson are : 1, Lower Cretaceous (or Cretaceo-Jurassic) on
Queen Charlotte Islands, etc., holding anthracite; 2, Cretaceous
on Vancouver Island, with bituminous coal; and 3, Tertiary.

.
.

'..
•

TA- Harrington, Fixed Carbon 85 '76, 83-09, volatile

tter 4-77, 5-02, sulphur 0*89, 1-53, ash 6"69, 8'76=
The Vancouver Island coals afford, on an average, Fixed

Carbon 64-05, 59-55, vol. 28-19, 32-69, ash 6*29, water 14 7. Trials

under the direction of the United States War Department showed
that the ia i f< il in weight e< iii 1 to prodm the same heat
from the Vancouver U Bay, Seattle coal of
Washington terrhorv in coal was as 18:22:
24:25.

The Tertiary coals include those of Bellingham Bay, and
Seattle OB Fuget Sound. North of the 49th parallel they under-
lie nearly 1,000 square miles of the low country about the estuary
of the Fraser and the lower part of its valley. These coal forma-
tions cover great tracts in the interior of British * olumbia ; and
the basaltic outflows of the region form the latest rocks of the
lignite-bearing Tertiary. By a rough estimate the number of
square miles the formation covers between the 49th and 54th
parallels is not less than 12,000. The Quesnel lignitic beds are

interesting on account of the plai ins found in

them. Some of the insects are described by .Mr. Scudder. Mr.
Dawson mentions that magnetic iron ore constitutes a bed 20 to

26 feet thick on Texada Island, and has been traced northeast for

more than three miles. It rests against a bed of crystalline lime-

stone and partly alternates with it.

9. .Fossil Fi^lu.s fr-xti the. Tr-iis <>r \,;>r. J,.r* // a, <! '..'onutcti-

<ut.~Ih: J. S. Xkwbekry has described (Annals N. Y. Acad.,
vol. i, no. 4, 1878) the following Triassic fishes: Diplurus longi-

caudatus Xewb., J ,/< olepi.s 1/ shu Xewb., th t nner from
Boontown, N. J., ami m, Conn. As Ptycho-
h 'pis is in Europe a Liassic genus, its occurrence here, as Dr.

Newbc rry states, suggests a query as to the age of the Eastern
American Trias. But he observes that other facts show that it

does not str ire Triassic,

though possibly Jurassic in the upper beds. The species is more
heterocercal than the European.

10. StrnnHltojX.ro. \t til. "1. ti _ I fn I.mJmJ ,' >ueietv
of June 5, 1878, a paper by Dr. Dawson of Montreal was read,
'"> which in- explained his views as to the Foramineral nature of
the Stroma to

j
.rube -pedes of which occur in the Lower and

Upper Sii'\ i n odant in

the Trenton, the Niagara and the Carboniferous formations.'"

Professor I

)

j he discussion which followed, that
he believe.

I
- were called Stromatopora

; that
the tubules in the laminse of some of them had much resemblance
to tho-e of Miih.-pora that they showed no nummuline layer, like



150 Scientific Intelligence.

Eozoon, and so he doubted the Foraminiferal character. Dr.
Murie stated that some specimens which he had seen resembled
the Hexactinellida? and he thought they represented sponges,

though not exactly Hexactinellids.

Mr. U. J. Carter, in the Annals and Magazine of Natual History
for July, states that he has found the hexactinellid structure in

the i )»'vnni;ni S?r<>in>it<>f>or<i c.'iicentrica. To observe it, the plane

of section must be " tangential to the curve of undulation in the

of the Stromatopora, or horizontal to its summit." He
It must not be inferred because I have considered this

ofZittel'a

order Dictyonina" (see a former paper in the Annals, 1877, xx,

416) "that elementarily it is so; for in this consists the difference

between the hexactenellid structure of Stromatopora <• i

id that of the vitreous sponges ^
"

"

. but I cannot say

more about them than that by their mir
they appear to have belonged to a Hydroid rather than
Actinozoic

•i.Yi

n the iSectic

tunnel >>f the Simj>le>n : by M. Renevier.—The rocks encoun-

(1) gneiss partly granitoid, having
indications in its bedding of a low anticlinal

; (2) conformable
' including mica schist, which is partly gar-

etiferous, chloritic or talcose [? hydromica], gneiss, hornblende
alline schists,"

i three parallel calcareous bands
; (3) the dolomitic band

of Gautier
; (4) gray shining schists or slates, which are traversed

by numerous veins "or seams of quartz. These slates have the

same steep northwest dip with the dolomitic band ; but between
the dolomitic band and the crystalline schists there is, according
to Renevier, a nearly vertical fault. On the opposite side of the

valley of the Gautier the dip is reversed or southeast, and very

steep. Following the slates, there are (5) the gypsum and dolo-

mite of the Rhone valley. Nos. 1 and 2 are regarded as the

older metamorphic rocks, with probably two or more folds in the

region of the "crystalline schists." The gray shining slates

toward the north end of the tunnel are without fossils, but are

stated to be probably Triassic, or Triassic with Jurassic beds
above. They closely resemble those of Mt. Cenis.—Bull. Soc.

Vaudoise der ScL AW., xv, No. 79. Lausanne, 1878.
12. Revue de G'wlogie pour les Annees 1875 and 1876; by M.

Dei.esse and M. de Lapparent. xiv, 228 pp. 8vo. Paris, 1878.

—This new volume of Delesse and DeLapparent's Annual Review
of Geology, like its predecessors, is :t very convenient resume of

;>al memoirs on geological subjects for the year. The
following facts are cited from it.

The mean height of Europe.—According to a recent estimate

from the heights of the surface over Europe by Dr. G. Leipoldt
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of Vienna the r

instead of 205 n
of the several countries are also given in the " Revue de G& »loMe."

7!-/nper-attire of the Earth's crust.—According to M. Ludovic
Ville, a deep boring in Algeria, west of Sebkha d'Oran, the
temperature of 49°'7 C. was reached at a depth of 578 meters,
making the mean increase downward 1° for 7'56 meters. The
waters in the boring are very saline. In the Sahara, according to
the borings, tin increase downward docs n t increase regularly
with the depth; the mean is a temperature of 24° C. at a depth of
60 meters. In Hodna, the temperature is only 22*2° at a depth of
93 "8 meters. The regi Le than the
Sahara, and it is in higher latitude. The mean increase at this

place, according to M. Ville, was 1 ° C. for 23 meters of descent. In
the Sahara toward the latitude of Oued Rhir, the increase down-
ward is about 1° for 17'55 meters; showing a diminution toward
the south, or with the latitude.

Efffit ,f i ll( ,;st'ir or dryness in rocks On th< ficiUty of
<-r>i$h;,t.;/.—~S\. Tour:.:: and M. Michelot have
experimented on chalk, dried in a stove {d), wet (*), and air-dried
(n) and found that cubes 3 decimeters each way, were crushed, as

follows :—when stove-dried it was crushed under 80-92-5 kilo-

grams (mean 86-2); when air-dried, 16"5to 35 (mean 23-5); when
w.-t, 13 -9 to 26 (mean 18-0). M. Delesse gives also the results of
various experiments of his own on chalk and the Calcaire

Grossier in which he used cubes 5 centimeters each way. Chalk
of' I--y, when stove dried, was crushed with 36'4 kilograms; when
air-dried, 23-6; when wet, 12-9; and the Calcaire Grossier of
Vitry (oi and St. Denis </,< -ave the numbers (a) 76, (b) 48'7; (a)

The results of various other

usier are given, all confirming the
general result here exhibited.

13. Memoires sur les Terrains Cr&aces et Tertiares, prepare
}>"> feu Amwik [)r.\KL\T, edites par Michel Mouiilon, Conserva-
tion tn M is. Ho\ de 't Hist -ire Xaturelle. Tome 1. Terrains
Crkapfa. 556 pp. 8vo. Brussels, 1878.—The late M. Dumont,

d in 1849 a geological
_• u i. He d'n d in l'sr.7. I irdly forty-eight years old,

leaving his Reports illustrating t\ in manu-
script, and other unfinished work. The Belgian government has
recently ord fche publica-
tion of his manuscripts on the Tertiary and Cretaceous formations.
Of these, the volume on the Cretaceous formations has just been
issued. It is a very valuable contribution to European geology.

_
14. Sigill :,> Brgt.— Mr. H. L. Fairchild,

»n a paper publish, d in
!

. Annals of the New York Academy of
i, no. 5), gives r< .- ns for 1 e ievii * that the Sigil-

,. >. lW;r.r,'i. N. J/,;,*/,-//, >'.

s
' '". n I ^ I> f ' ;; i llr nu'iiiarr md >'. .s )>tn of Lesque-

reux, are identical species with 8. lepidodendrifolia, and adds that
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S. st^Uata Lsqx. and .v. .<.'.•,//, >/.W/ Germ, w.av u.ivu out to be the

15. Flora Fossilis Helvetia? and Flora Fus.-u'iis Arctic" <>f

Oswald Heek, Professor of the University of Zurich.—The third

part of Professor Heer's Flora Fossilis Helvetia has appeared,
h contains 70 plates, is a supple-

ment to lleei-W-Vo/'w Ttl t. <!,'!•> TL Jet in .-a work in three volume-
with 15*3 plates. The publishers, J. Wurster & Co., Zurich, have
i^ued also four volumes of the Flora Fossilis Arctics and the

fifth is now in the press. The first four volumes of this work con-

tain 214 plates, and the fifth, 44.

16. Mineral »j!f
> ,,,,< J Lit},' !•,:j ,>f

v"'" ILi <>!, i/>-\ by George
W. Hawes, Instructor in Miner;; id Scientific

School of Yale College. Part IV, of the third volume of the
Geology of New Hampshire, 262 pp. roy. 8vo, with 12 plates.

Concord, N. H., 1878.—No part of the publications of the Xew
Greological Survey has greater value than this

Mawes on the mineralogy and lithology of the

or, besi< s of external cfiarac-

ters and notices of distribution, and of economic uses, in the

ordinary sty; :s of extended microscopic exam-
inations of both minerals and rocks; and many of the most inter-

:
'- are illustrated on plater:, some' of them in colors.

The report is therefore an important contribution to the science

of lithology. The are some peculiarities in the nomenclature of

sit these do not seriously interfere with the value of

the original work. In addition, the author has added, in an
• to the volum . foil details as to the process of slicing

minerals or rocks, and explained the method of making micro-

scopic and polariseopie obsi nations, n crystal* ol the several sys-

tems. Besides this, he has introduced much information with re-

gard to the distinctions by the same means of the more common
The chromo-lithographic and other plates are beauti-

fully made by E. Crisand of New Haven, it., from excellent

drawings by tin author, and compare well with the best of

foreign work of the kind.

17. Ameriron Miner,, h.—^tceiviih in crystals has been described
by Prof. G. A. Konio-, (bun Poekbridge ( 'o.. Virginia. It occurred
in cavities in scorodite. An analy
iron sesquioxide 42*3, water 19*87.

one of the crystals in his paper in the Proc. Acad. X7u.
. for 1877, p. 277.

Mcrolit' In- b,, i) identified by Prof. Konig among the minerals
of -Silver Islet," Lake Superior, associated with galenite, spha!< rite

Protovenn >>'/;?, ]~ r:d occurring in nrg

grayish-green folia at Magnet Cove, Arkansas, and so nam 1 by

Prof. Koni- in the -:»-ni- \olnme of Pr.»o-.-din_r* in. 26!M : the

luster is submetallic. and G. = 2-260. Analvsis afforded SiO.,

33-28, AI0 3
14-88, FeO

a
6-36, FeO 0*57, MnO' trace, Mu< ) 210--,
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t-.IO, hydroscopic II
2 2i) 54 = 100-51, giving

:io for li, ft, Si, 8-735 : 8*842 : 17'738 = 1:1:2.

<"'" 'in \
- -- s chiefly of ortlioclase, quartz and horn-

blende, and that th.' hornblende is Muck to dark green in color
an<! included in the quartz; but that there is present'some triclinic

feldspar and also in some parts disseminated minute crystals ,.;

'! in; lit. . The stone of the Rockport quarries has been called by
Wadsworth states that at least -i-3

d destitute of hornblende, and hence
true granite. But while the quarried roek is almost wholly
granite, there is some syonyte. The two are so associated that
"they are geologically one "and the same rock." Besides ortbo-
clase, qiiaitz. and black mica, the last (referred to lepid<>m. lane
by Cooke), there are in some parts of the Rockport granite, the
minerals crvophvllite and dan v Professor
Cooke.

19. On Z.„„V,.„ .,„ M;,„.,,l; by S. Pi ::m u.-It. the Plio-

'<_!" rgiii < .us lignite of [on< valley, .m dot county, Califor-

nia, a peculiar mineral, more or less pure, occurs in thin seams.

}
!l >p eimen examined Lyme was of what maybe called the

best quality. It is a firm, earthy, ochreous looking substance of
a brownish-yellow color. As it comes from the mine, it contain-
about 50 per cent of water, but
readily floats on water, its specific
rapidly re-absorbs water and sinks.

It bears a physical ••<-.• d.lance to the pympisshv ..t Kengott,
found iu the lignite of W. -- - ,. -. ., , like it, melts to a pitch-
like mass, whicl burns , i<il v , with tin- . mission of a dense black
Btaoke having a resinous and aromatic odor, and with a yellow
flame. But tl ,t h i- ,, ,•

,, iopis-ite. . r indeed any mineral here-
tofore described, will, I think, be plain from the examination.

Ionite is not a pure hydrocarbon, as it contains 13 per cent of
mipuritie:— principally aluminum silicate. Streak, reddish-yel-
'<'""

: fracture, im-indur: luster, none. When pulverized, water
dissolves or suspends a portion of the clay in the mineral. Par-

in boiling alcohol, giving a

solution. Upoi the a I K1 i I

dy of a milk
:

'

' from the presence of paraffine. Very largely sob

ited, but the solution becomes permanently of a milky color,

Upon adding
water a brown, tarrv substance is obtained, which is V erv intlam-
" 5:l 'I-. and .he i, whih bun in<:, -ive- off th. dm nt buruin-
sealing wax. Completely soluble in chloroform, except the clay

J*
ash, fori . solution. Poured into water a

"' '*' "d t
u *u, An bottom PiiMdlj -.lubl, m cold, more ->

m nodmg oil of turpentine, fonning a wine-red solution. Upon
r;^'-'iitr.iMon of the solution, crvstals of paraffine are separated.
Almost entirely insoluble both' in cold and bnilintr petroleum
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naphtha; gives a pale red solution. In boiling rectified petro-

leum, free from naphtha and parafline, slightly more soluble than

in naphtha
;
gives a pale red solution.

Subjected to dry distillation a !>rown, tarry oil passes over,

mixed with green-colored water. Thi> water 1- decidedly acid to

litmus. At first the oil has a sp Man that of

water, but after a few days sinks in the same. This oil and water
possesses a very offensive odor, altogether indescribable. The oil

is completely soluble in alcohol and oil of turpentine. Tested for

paraffitie, the oil was proved to contain it, though only in small

quantity. I am of the opinion that the amount does not exceed
5 per cent, but this was not determined accurately.

From the examination this mineral may be pronounced an acid

. or fossil cerite, more or less oxidized and more or

less impregnated with clay. From its varying solubilities, it is

probably a mixture of different hydrocarbon compounds.
As this mineral is found in lone valley, I would propose to

name it from the locality, /-/"'-,. To what indu-trial uses Ionite

may be applied, has not yet been investigated, and it is foreign to

the purpose of this paper to inquire.

—

Mining and 8ekn t

March 24, 1877.

20. Cyrstalliz"ti->u of Silica; P. Hautefetjille.—If amorphous
e at the temperature of fusion of

silver, silica crystallizes in minute crystals of the species tridy-

mite. If the temperature is kept long" at 1000° C, the tridymite

is obtained in thick hexagonal scales. Sp gr. = 2-30 at 16° C.

Tridymite is less perm rhen acted upon by the

wet or dry process.

By means of tungstate of soda, amorphous silica or tridymite

may be changed to quartz. At a temperature of 750° C, or that

lent to hold the tungstate in fusion, the grains of amorph-
ous silica disappear ; and after several hundred hours of heating,

double hexagonal pyramids of quartz are obtained. Sp. gr. =
2-61 — 2-65. The crystals contain a trace of tungstic acid and
0-003 per cent of soda.

The crystallization is so slow at 750° C, that practically t* a
necessary to adopt tin following method: th silica with the fused
tungstate is made to os re many times between
800* and 950°

; with the increasing heat the silica combines with
the soda, and with the decrease, the silica is precipitated by the
tungstic acid. At the commencement of each period of cooling
the silica takes the form of tridymite, but as the texnpei
below about 850° C, it takes that of quartz.— Bull. Soc. Min. Ji

France, No. 1, p. 1, 1878.

21. Tridymite.—M. Schustek has examined the tridymite from
an oligoclase-trachyte of Monte Gioino near Tndo in the Euganean
Hills (Northern Italy), and concludes that its crystals are twins

under the triclinic system, its optical characters affording • \ ;
-

dence in favor of this conclusion.

—

Min. u. petrogr. Jfitt/itil.

herausg. v. G. Tscherniak, Heft 1.
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22. Mineralogicai Society of France.—A mineralo^ical society
was instituted in Paris on the 21st of March of the present year,
and the first number of its Bulletin appeared in April. The
President of the Society is the eminent mineralogist, M. Des-
('..i/.-..u\: the Vi.-, i'n-H.lct. M. .Mallard; Secretary, M.
Richard ; and Treasurer, M. Delesse.
M. Mallard describes, in the first number of the Bulletin, the

new mineral Bravaisite, from the coal formation of Noyant. It
has an argillaceous appearance and is thinly laminated but with a
fibrous- strm nn under the microscope. The color is gray,
slightly greenish. When moistened, it is almost gum-like, rather

. and strongly unctuous. Fuses easily to a white
globule, and is attacked "by acids. An analysis afforded SiO„

" 1 3'30, K,OG-oO,
> for R, R," Si, I, 2 ,

, if the iron is excluded as due to
the pyrites present. M. Mallard observes that it is in its composi-
tion near pinite, glauconite and carpholite ; but nearer a potash

23. Analcite.—Dr. A. von Lasaulx has examined sections of
the picrana re twinning
structure to indicate that the crystals are of the orthorhombic sys-
tem and analogous to those 6f phiUir^ite.— X, ./ >hrb. f. Min.,
1878, p. 510. *

V l

III. Botany and Zoology.

1. Two new Fern-books are evidences of increasing attention to
this beautiful order of plants, both as to botanical study and
ornamental cultivation. Perhaps we may in time come to have
as copious and popular a fernditerature as that of Great Britain

;

I work still being the classical one of Professor Eaton,
which will take some time to finish. The new-comers are of much
less pretension, are handy-books in single 12mo. volumes, of very
moderate price, and likely to have a large circulation. The one
first published is

Ferns of Kentucky, tciih sixty full-page etchings and six wood
cjits, drawn by the '.I

- '",•>. Fertilization,
' / -

; ' ation, Genera and Species. By John Williamson, Louis-
ville, Ky. Morton & Co. 1878. pp. 154.—The typography is

as good as if it were printed in New England instead

ky, where it was not only set up but electrotyped. The
ia are the author's own etchings on copper, V

from lithographic transfers, " in every respect as well done as if

u printed direct." They are anyhow fairly well done,
and etching has a certain advantage in exhibiting structure or

hi

tU
i

re
'
aS the author remarks. The magnified views have prob-

->mewhat of expression and sharpness in the transfer.

^n in cheapness is not to be overlooked. Still the wood-

much, the best, and stand our with
refreshing distinctness. A few pages are occupied with the sub-
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jects of cultivation, structure and classification. The bulk of the

book is devoted to the ferns of Kentucky, and these are treated

in a manner to make ail plain and clear to amateurs in that State.

It serves as well for the adjacent States, which have the same
species. We could lev. 'lie more Asplenium,
viz. ! - u, u'i ieh l- - • ,i m hi: ' in East Tennessee and
W-i Vivi-.a thai it cannot tail to inhabit Kentucky. Indeed
Mr. Williamson's words in introducing the Ebony Spleenwort

give ground for the i ike so many others, has

taken A. parvulum for a small -rate of .1. eheneuni.

Ferns in their Homes and Ours, by John Robinson, is tin' tak-

ing title of the second book on this subject. It is published by
Cassino of Salem, the publisher of the Ferns of America, to which
it become- a desirable and useful companion. It tills 17s- page*,

and is illustrated by twenty-two p! it« s. . ight of them color-printed

representations of species, besides a frontispiece photograph, ex-

attraetive "Fern-corner" of the author's conservatory.

The others represent growth, fertilization and structure of ferns,

Fern cases and jardinieres, out-of-door fernery, pots, pans, baskets,

and other appH.'i .as 1 lastly, a plat, supplied by Professor

Packai i -hows up the insects which are pests to cultivated ferns.

This work does not describe the species of ferns, but deal- with

them in a general way, tracing their life-history, discussing their

:
— :

:
'

at least as to the bibliography <>{ ;' • popular and some of the

more elaboj detail the way to collect them
for cultivation, how to e'stahdsh ferneries and' tern-cases, what
ferns to grow and where and how, with lists of good species for

cultivation, including also Selaginellas, their natural associates.

In fact nothing of a practical nature, that we know of, is over-

looked, not even the troubling of an out-of-doors fernery by the

midi i_.ht " \ - - loi -\ ji 1 i i!
,
p- p> i tte treatment

is prescribed. The book—ev> ry way a mo-t attractive one— is so

well up to the time, and so full of information, that it even an-

nounces, mo-t handsomelv. Mr. Williamson's volume, which was

published oi.lv a fortnight before it. We wish for both books the

success thev 'deserve. "For the study of species of the middle

United States, the Kentucky Manual -applies the want. For

rival. The amateui ither, happier and best

provided with both. a. u.

2. T. Macoun; Catalogue of tin Pha ><<>!••< »•»< "•' ' :'/''"

(I'lnnms Plinth \1„, hnlh, <i L'»-ti< „ >' ) ,,f th* /'>•>»> "'> ",' <'<(>""]•/.

*<-»t/< "jf/, Arrti.rjrd,. Belleville, Ontario, pp.52. 8vo.—The
range take-

; the uumb< r of -p
up to 3,081 ; of the Plaenogams to 2,1.' 71. It is a naked, num-
bered list, with no indication • t 1 « tlit \ or range,—one useful

tin- botanical exchanges, and coin * cut foi tl r purposes, math
printed, b it not free iroin t \ ]

. graphical o\a rsights. Over ~V-_"
,n
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evinces if. se of successTin t he'protljpt api ;car-

ing of Par t parts
and panic mlv announce tlu

maintain the general character . Botanists nm - thank

monger
figures of plants which beflori

pass by unnoticed, such
<- 'nph, ,, c;,,;-n,s!s.<;,,><t, n cularis Cawiden,

4. Zoolo i >
-

'Initio),. and some of iU

Si

W.>n/to/; *>y
T. L. Scl.,.TKK-, Es«;., 31. A.. 1 >h.D., F.R.S.—A tier pointing

<d natural "

their ronti
d "gent;ric" areas, and c>f the' do-.-irin e of

nuity. He
1 that, whih aliv

distinct, contiueutal re five species are not in

found to b<.connected
that would
on" was that ofthe But

the questio es of ,

which thre » in th n of

,ad>tu. tied

. in any-.,- • up of a

difficult ca

iflh,

.(., n. Little 'Blue JUagpie of >y>,//„.-The genera i ehani

Is of Spain . differ materially
,

tr,
:

Hi
.

that of the

eretore, an undoubted instance of a discontinuous ucneric. if

>t specific, area, and in order to brin- it within ordinary rules it

is necessary to suppose that the parent-form had been formerly

(-.) Ox>/rh<unp/)tt$ a),il X'Omoi-ph,'*.—These two South Ameri-
n genera of birds offered som^vhat prailel eases of broken
stnbution. Of the peculiar I 'uterine form O.^/,-// </////>// "*, otdy
"very closely a ]li e(1 ^w\v> W( . 1V k nuU-n. one :

-

Southeastern Brazil, and the other (<>.f-*'ter) in Centra!
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America, the genus being quite unrepresented in the intermediate

countries. In the Cnculine genus JVeomorphus, the Central

American form (A7! Salcini) was again very nearly similar to the

Brazilian (A! Geoffiroyi), whereas in the intermediate countries

three other quite distinct spi <-i s were known to occur.

(3.) Pitta A/'f/ulentit.—yot less than from thirty to forty spe-

cies of the brilliantly colored birds of the genus Pitta were

known to science, distributed from India, on the north, through

the great Asiatic islands into Northern Australia. But one single

Pitta, in every way typical in structure, and closely allied to an

Indian species, occurred in a limited district of Western Africa,

the genus being quite Hties. This

was a clear instance of a discontinuous generic area.

(4.) The Solenodon of the Antilles.—The insectivorous mam-
mals, according to the best authorities, constituted ten different

families, which were mostly restricted to the Palearctic, Indian

and Ethiopian regions, and were entirely unrepresented in Aus-

tralia and South America. Two families only extended into the

northern portion of the New World, the moles {Talpidm) and the

shrews (Sorecidw). But there was one very exceptional case.

Solenodon, two species of which were known from two
Indies, belonged not to the shrews or moles,

but to the family Centetidce, otherwise entirely confined to Mada-

gascar. If, therefore, the descent of Solenodon and Centetes from
.....-- -

also be made. First, that the West India Islands had been united

by land to Africa ; and - ndly, thai th< Ctnt>r>.!a had formerly

extended all through Africa, where there were now no traces of

(5.) The Distribution of Lemurs.—Recalling Solenodon to our

minds, we might well have expected that the Lemurs, one of the

most prevalent and characteristic mammal groups of Madagascar,
would have had allies in America, but such was not the case.

The only members of tlii- u i, m p u /,t found in .Madagascar were

met with in Africa and parts of the Indian region. It was there-

fore manifest that, assuming the origin of the Lemurs from a

common ^mrce, a continent must have ;

-

Indian Ocean, and formed the ancient home of the Lemurine
family, of which the fragments were now so widely sundered. It

w,,uhl, however, be difficult to reconcile this hypothesis with that

of the former land-© jascar with the Antilles

through Africa, previously adverted to.

(6.) The Giant La,„l" T<„-t<dxr*. — Tin -iant land tott<>w.

which had lately formed the subject of the ^elaborate studies ot

Dr. Gunthor. re extraordinary instance of anom-

alous distribution. These animals now only existed in the Gala-

pagos Islands and on the coral reef of Aldabra, northwest of

Madagascar, but a third group, wlii d the Mas-

earene Islands, had only recently become extinct. In order to

derive these three groups of allied species from the same stock, it
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would be necessary to assume first that giant land tortoises were
formerly distributed all over South America and Africa, where no
traces of them now existed ; secondly, to suppose that the Gala-
pagos were formerly united to America; and thirdly, that the
Aldabra reef had once formed part of land that was joined to the
African coast. But even then all I I I not have
been surmounted, for it appeared that the Mascarene form of these
tortoises was more nearly allied to that of the Galapagos than to
that of Aldabra. It would further have to be assumed therefore,

in order to bring these facts into harmony with the usual theory,
that the Mascarene Islands had remained united to the African

coast after the Aldabra reef had been separated from it.

These six cases were only selected instances of the many diffi-

culties met with in endeavoring to account tor all the known facts

of distribution by the hypothesis of the derivative origin of
species. It would be easy for tin- stribution
in any group of animals to add to them almost indefinitely.

Two other more general phenomena of distribution, which it

appeared to be difficult to reconcile with the derivative hypothe-
sis, were also briefly adverted to, these were the existence of

-. that is, of tonus common to the tropics
!! both hemisphere.-, and the presence of several closely allied

species in the same area. In the first case, it was difficult to

d where the continent could have formerly existed

rded a home to the ancestors of the similar species now
so widely separated. In the second place, it never appeared to
have been explained satisfactorily how more than one form could
ha\c succeeded to a ].)<-« \i-ting one in the same area, and the
hypothesis that allied iorms had always originated in separate
areas, and had come together into the same area by immigration,
.'ipp^ii.-d. in -..i.n .a- - to be .- 'm. st nm enable.
These and other minor difficulties had led the author rather to

question whether identity of structure must be taken, xritlimit

exception, as an indication of immediate descent from a common
-:• At any rate, the subject seemed to be one still open

KW discussion, and not, as some recent writers had appeared to
assume, a matter which must be regarded as fully and incontro-

™„ ^escribed and
t
,- '< i -w;-:d m\\ . i.d- ti-m the \thu.ti. hed, in a paper in
the Transactions of the Swedish Academy, vol.

Miscellaneous Sen

1. Transactions of the Connecticut Academy of Arts and
,S

''. ;'""S Vol. Ill, Fart 2.—This part closes the volume. It con-
tains si j,a 1K. r i )V s. F. Clark, on the llvdroids of tie Pacific

J""'
—

t I.
_* -t Van-owMt- Kand: L\ 1\ M. fun
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substances, this

Mr. Thaeher clo

brate limbs—with the following addendum.
Since the views expressed in the foregoing

in my own mind six or eight months ago, I had looked for con-

ations of Balfour on the

development of Elasmobramh<. The preliminary account, how-
ever, in the Journal of iUirr -eopi.-,d "v" net', emit, lined nothing
bearing on the i, dut, and the papers in the Journal of Anatomy
and Physiology I have been able to obtain only irregularly.

!'. last proof of the preceding pages had been
received, the number of that Journal for October, 1876, came into

my hands. Her- S hdfi >ur devotes three or four pages to the limbs.

He says: "If the accou it just giva n < t he .lev 1 .pment of the
limb is an accurate record of what really takes place, it is not

possible to deny that some light is thrown by it upon the first

origin of the vertebrate limbs. The fact can only bear one inter-

pretation, viz: that the limbs are tin ,-n„in tufs < f >'•< ithiuon.s lat-

eralfin*"
"The development of the limbs is almost identically similar to

that of the dorsal fins." He goes on to state that while none of

his researches throw any light on the nature of the skeletal parts

of th • limb, thev certainly lend no support to Gogenbaur's view

of their derivation iVmn the branehial skeleton. Thus these

results have not onl\ : '- n r . -it from two
din. r. nt elas.es of i-.u-U. To the belief in the original eonfinuity

of the lateral tins and the homodvnamism of median and paired

fins r was led by observations on adult forms, and parthudarly

on the skeleton. Balfour comes to the same results from embryo-
logieal investigations, in that group from which on general

grounds an answer was mcst to be expected; nor do tiie-e inves-

tigatio !- r gard the skeleton.

I have also just received the last number of the Morph. Jahrb.

It contains a paper l>v Wiede - ogeubaur
,

s

view respecting tin- doable nature of the cent rale. ThbThad pre-

viously l„-en shown .miv in the tarsus of ('r<n*t.>},-!„,:!,m J"/' '»<-

'"•< (and in the Eualiosaurs). Wiedersheim shows its double

charaeo , in tl v Sib, rian sp< vies of Urodela, in both carpus and

tardus. This is a ver\ important continuation ot the ehiroptery-

gium, and relieves us of suspicions with regard to its correctness

when we push our in i\i - i
...

i
• dstory and more simple

In the same number of the Jahrbuch is a paper by Gegeni>am4

on the archipterygium theory. He modifies hi* explanation of

the Stapediferal limb to accord with Huxley's view of the homol-

* Morph. Jahrk. PA. ii. lift. 3. R - .
ri Formen des

Carpus unci Tarsus der heutip.-n Amphil.ien.

f C. Gegenba ur dmaassen der Wirbelthiere.
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he correctness oi this view fully .U-inonsti-jitt».i,

> the ulnar side oi t! mn now ipp< irs* as the

other particulars Gegenhaur reaffirms his previ-

igin of the archipterygium, and again proposes
limb and limb-girdles to th< gill-arches with

lupports this suggestion with considerable argu-

his position the arc!,!] t< rygium theory leads him.

Microscopical Congress.— By invitation of the

ecpists a! iniiianaoolis in August, to he conti
than a week, and to commence on the 14th of
Governor and other State ofti< < rs, and the Ma

Hotel, |l.75 at the Remy

liients, ohjects for the mic

The time for the Congress is one week befo

3. Geographical Surveys west of the lOOt/t J/> .-'«'!'>•>,<. in <har--e

of First Lieut. G. M. Wheeler, under the dire, lion of Urig. Gen.
A. A. Hum] neers,F. S. A. Vol. IT. Astron-
omy and JJarometrir I/,/r , ,„,t.->/. :•:- pp. -Ho. Washington,
1ST 7.—This volume from the Wheeler l-Apeditioii und. r the War

\ ..jcd.t- in I'arr I of spe.-ial l-tr ; < -mieal Reports,
and in Pan II .i . l;,p„, .,!'.., j.^- i!--m.-.\ 1 i.. tVt

;il "! Ne'-ra-ka, together sit], the u'-< _r.o,' i
•

! positions arrived

. and is illustrated by

I

laces and stations, and a plan of
the Observatory at O-den. Utah. Tin authors ,-onn 'led with

.-.it; J. II. Clark, W. W. Marvatt,
^Me^.-rT. il. Safford, W. A. Rogers.

! he res 1; |> r,,metri hypsom try are from - \ationsmade
: led, and reported by First Lieut.

Vs [ M trdia . < orps ot Knsrine* rs, V. >. A. Tlii i

i hod, the methods of observing, and tables of altitudes
fiIV given. Tin report also contains tables oi hourly observations
of barometric, thermometri -and hygrom. trie and other phenomena



162 Miscellaneous Intelligence.

at different places where the parties were encamped, and diagrams
on sixteen plates giving the horary and diurnal barometric curves,

temperature, mean differences of wet and dry thermometers, diur-

nal force of vapor, and relative humidity.
4. Die Vereinigten Staaten von JVord Amerika, Aron Dr.

Friedk. Ratzel. Erster Band. Physikalische Geogr«i>i.,, <>,,,]

Naturcharakter, mit 12 Holzschn. u. 5 Kart. in Farbendruck.
668 pp. large 8vo. Munich, 1878.— This very large and beau-

red work is the first of two volumes on the United
States, and treats of the physical geography and natural features

of the country. The work has been prepared by one who has
well mastered his subject, through the writings of the various
American contributions to it—those of the earlier and later

exploring Lpal State Geological Reports, the
woi <s •: Lvt'll, Fremont, J. D. Whitney, Guyot." ifumphn v- ami

Abbott, Walker's Statistical Atlas, Schott's table and results of

Precipitation, and others; and he has presented the facts in a

( systematic manner. The mans
Bla

map), surface relict; fuivst-di.-tribution, and other cha

-• the geology (from i i

opens with a general sketch of the Continent, an«;

of the outlines of the country. Then follow—a brief review of the

geology cf the United States ; an account of the surface reliefs,

occupying 115 pages; of the rivers, lakes, hot springs, etc. ; the

climate; and the distribution of plant- and animal-. "The second

part of the volume occupying ti _es, contains
-—

for example, forest regions, prairies, New England, the Atlantic

.

:;

Bad Lands, "California liatur;" the Sierra Nevada, the Great

Lakes, and other topics. The second volume will be occupied

with the " cu the United States ; and will give

the facts witl tth reference to the prac-

tical rather than the theoretical.

5. Report >[„.„ F-r,str
:i ; by Franklin B. Hough. 650 pp.

8vo. Washington, 1878.—This report by Mr. Hough was pre-

pared under the direction of the Commissioner of Agriculture, in

pursuance of an act of Congress, of August, 1876. It is a prac-

tical, comprehensive work, "embracing a wide range of topics

bearim: on forest waste; forest growth: forest lands and reserva-

tions ; forest distribution ; forest culture as art'

climate, treatment; methods of tree planting and effects <>f the

various kinds of soils and exposures; the cultivation of special

kinds of trees; uses of woods, charcoal, the resins and other

products of trees; insect ravages and the consequences of other

em-m.« s. with the modes of prevent! >n: a ifn- :\d ! tailed di-'iis-

sion of climate in this and other countries, in its bearing on the

subject, with the exper'u-n.-e- and experiments of the nations"!

Europe and elsewhere ; effects of forests on climate ; forest k-^-
. r the world; for
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United States; lumber statistics; and various other topics, on all

of which the author has brought forward a great amount of valu-
able facts, and in a manner to enlighten and benefit every part of
the country.

;l,.!,t: , „f th /;>,v,y [„.</, „t, ,. v. . ii. Part iii, 1878.-
mber of the Bussey bulletin contains th

hybridization of Lilies by F. Parkma
tion of Equisetam arvense by F. H. Stoker; composition of
shells of crabs and lobsters, and those of oysters, clams, mussels,
etc., id.

;
prominence of carbonate of lime as a constituent of

solutions obtained by percolating dry cultivable soils with water,
id. ; Supplementary note to an article on the composition of pump-
kins, M.

;
a list of Fungi found in the vicinity of Boston, with

remarks, by W. 6. Farlow.
7. The Speaking Telephone, Talking Phonograph, and other

Novelties; by Ueougk 1». Prescott. 432 pp. 8vo, with numer-
ous illustrations. New York. 1878. (U. Appleton & Co.).—This
volutin contain- a mv

{

r- .i . mtoi'thi t> U pi one and Phono-
graph, in ti, rith a large number of excellent
ti.irmv* illnst r:ir 1

1

ilj: their construction and mode of use, and also

diagrams of the" vibrations or "logographic records" of the
phonograph. It also treats of Quadruplex telegraphy at much
length, giving many detailed figures in the course of the chapter.

8. The Naturalist's Directory for 1878. Edited by S. E.
Cassino. 184 pp. l2mo. Salem, Mass., 1878.—This well arranged
catalogue of the names and addresses of all "naturalists of
America north of Mexico," and of all Scientific Societies, is a very

1 convenient work to those who are interested in any
way in science, even if not doing more than collecting a cabinet.
The new edi 1, appears to be very complete.
The editor states in his preface that he will be thankful for correc-
tions and additions.

9. Fowiies's Element ised and corrected by
Henry Watts, B.A., F.K.S., a new American from the 12th Eng-
lish edition, edited by Robert Bridges, M.D., Professor of

. Philadelphia College of Pharmacy. 1026 pp. 8vo.

. -;-. (II. r.rr ( [>a*.—A new u * or >ved edition
of this very convenient manual.

1\ Jnumal of the Cincinnati Society of Natural History.
^ "!• I, No. i, April, 1878. 52 pp. 8vo, with two plates.—Contains
contributions to paleontology by S. A. Miller and C. B. Dyer,
describing isils, figures of which are given

tatea; also a paper on a new species of Pupa by C. R.
•j.

';'<-: and another on the tongue of some Hymenoptera by
v

- T. Chambers.
1 ;

- 67,',-,y7>. <}j- f/l€ j]'tS t, r , ( Hln'iihtyas.—The glaciers of the

• nnling to m.-a-urcnu'iits recently given in
tne Tour de Monde, far surpass in extent anv hitln rt<> examined
outside of the polar regions. In the Mu^ra-h ran--, two glaciers

log one another possess a united length of
sixty-five miles. Another glacier in the neighborhood is twenty-
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: miles in length, and from one to two miles in width. Its

>er portion is at a height of 24,000 feet above the level of the

, and its lower por in masses of ice 250 feet in

ght, and three miles in breadth, is 16,000 feet above the sea.—
ture, July 4.

2. Instructions for observing the Total Solar Eclipse of July
1878. Prepared by Professor Wm. Harkxess and issued by
United States Naval Observatory. 30 pp. 4to. Washing-

udy of mot

William M. Gabb died, of consumption, on the 30th of May
1 st. ai 'in i U ' i„. n li it - w ,s l orn < u t

1
. l< tb of January,

1839. In 1862, Mr. Gabb entered upon the duties of paleontolo-

gy under Professor J. D.
\V! itut-y. Th« larger part of the first volume on the paleontology

and the whole of the second, are occupied with his reports on the

Cretaceous and Tertiary fossils oC the State; the two illustrated

by »ixt\ platis.ttl -,ifs. In 1^ s j, und-rro k i
- ur\ ey in Santo

1 1 » ^
t

,
*

| I>, , , .,,_,,, I ] . I, l Mn -I _ { i,
1 ui\ ; i

u

< 1

in \h'i'-i published an extended memoir on the Topography and

Geology of that island in the Transactions of the American Philo-

eiety (vol. xv). In 1873 Mr. Gabb went to Costa
x from the government of the State, and

' 'erritory,

I history

collections for the Smithsoni
topography of the country, w
htoiiu's M >;th f ihutt/ni ; and a

i Philoso]

Rica geology and paleontology remains to be

ous papers o;

ceedings of the PhilaT jophical !

His

itry—and eminently
fornia, lor which a large"share of his work ialiiorma, lor whieh a iiii'u'e sh;ir<

Baron von Bibra died on J
veiity-st.-cond year.

logical and literary worio nd

memoirs. He explored Brazil. Chili and some other parts of

South America, and i his observations and

his discoveries in natural history. He is the author also of many
works of fiction, the scenes of several of which were laid

South America.
ndreas von Ettin-gshausen, Professor of Physics at Vienna,

on the 25th of May, having been born in Heidelberg, Nov.

1796.
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Art. XV.—On the Origin of Comets; by H. A. Newton.

1. Kant in the exposition of his theory of the development
of the solar system treats the comets as formed from the mat-
ter of the condensing solar nebula. To him they were planets,
in fact, but somehow thrown out of their normal circular
orbits. Although he gave for this origin of the comets no
reasons which astronomers can respect, yet it is proper to call

the hypothesis by his name. On the other hand, Laplace in
his exposition of the nebular hypothesis considered that the

~*~ ~ere made from the matter that is scattered thr<
_1

through
stellar spaces, and that in their origin they have no rela-

tions with the solar nebula. Have we in our accumulation of

the times of Kant and Laplace learned any thing
which helps us to decide between these two hypotheses? I
propose to consider what peculiarities each of them requires in
the shape and distribution of the cometic orbits, and then com-
pare with the theories the observed facts.

2. For convenience I shall assume that the solar system has
been brought into its present condition by some process of
development Hence the comets have not through all past
time moved, even approximately, in their present orbits.
After the comets became separate parcels of matter two kinds
of forces could alter the forms of their orbits, resistance of a
medium (if such exists), and the attraction of gravitation of
the sun and planets.

3. Nearly all the comets that we have seen, and have com-
peted the orbits of, come nearer to the sun than the planet
Mars. The exceptions are only about five per cent of the
Am. Jour. Sci.-Thibd Sbbibs, Voi* XVI, No. 93.-8ept., 1878.
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whole number. We may therefore

become visible to us ought, in general, t<

than that planet. All others may be regarded as permanently
invisible. There is, however, no reason to doubt that many
such unseen comets exist. Even those which we see become
invisible at a moderate distance from the earth and sun.

4. The orbits of most comets are so near to a parabolic form
that it is only when they are very well observed that we can

detect any deviation therefrom. They pass to a greai

from the sun, and it is reasonable to suppose that th

even on Kant's hypothesis, was remote from the sun. We
must interpret that hypothesis as meaning that some of the

parcels of matter that would normally have gone to make up
distant planets became scattered into cornet masses.

5. Consider such a parcel, or comet mass, A, at a point such

that the line AS from A to the sun S is large ; for example,

1,000 times the distance from the earth to the sun. Now if the

velocity of A exceeds the small velocity acquired by a body
falling by attraction from an infinite distance down to A, that

is, exceeds the velocity in a parabolic orbit, then by the law of

ii the orbit of A around S must be an hyperbola.

The more the velocity of A is in excess of the parabolic veloc-

ity the more manifestly will the hyperbola differ from a parab-

ola. But, since the known comet orbits, if any of them are

hyperbolas, differ little from parabolas, we are permitted to

assume for them a velocity at the distance AS not largely in

excess of the parabolic velocity. All other orbits we have

nothing to do with. Laplace proves satisfactorily that we
ought, by the theory of probabilities, rarely to see such comets.

6. Let now the velocity of A be resolved into two parts by

the parallelogram of motions, one component along AS, and

one at right angles to AS. The part at right angles to AS
will be very small compared with the parabolic velocity for the

point A. Otherwise the comet, whatever is the curve it is

.. would go around the sun at a great distance, and

would belong to the class of comets that are always invisible

to us and with which, we have, therefore, nothing to do.

7. Consider a large number of comets passing through the

point A, or rather shot from the point A. Through S draw a

plane perpendicular to AS, and on that plane draw a circle

whose radius is twice the radius of Mars' orbit. That plane

and circle we may regard as a target at which the several

Letic masses may be regard<
*

whose velocities perpendicular

within the circle, and so coming nearer to the sun than Mars

will form part of the group of comets which we know any-

thing about.
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the circle. If there is any law of distribution of the initial

directions and velocities of the masses at A, that law will be
exhibited in the distribution of the points of impact with the

plane. Thus if like the principal members of the solar system
the masses leave A with a velocity belonging to a circular

orbit, nearly at right angles to AS, and nearly in the plane of

the solar system, then the points of impact in the target plane
will be near each other at a distance from S equal to AS ; for the

masses will describe circles, approximately. Again, if the masses
pass through A on their way from the stellar spaces and so have
motions that bear no relations to the motions of the solar system,
then the distribution of the points of impact on the target plane
ought if numerous enough to be uniform about the point S.

9. In any case the area of the points of impact ought to be
large compared to the area of the circle above described. The
initial velocities perpendicular to AS must, if small, be differ-

ences, or small residuals of larger opposing velocities. Thus, if

the masses were parts of the original solar nebula, their normal
motion by all the analogies of the system should be in circles.

For some reason these masses never had much projectile veloc-
ity perpendicular to AS, or else they have lost most of it. The
forces producing this might as easily have caused the small
residual velocity to take any direction whatever normal to AS.
An important deduction may be thus stated. If any where in

the large area of the target plane over which the points of
impact are distributed, a small circle be described, the distribu-

tion of the points within the circle must be nearly uniform.
If AS is large then the circle above described about S as a
center will be relatively a small circle. Divide this circle by
eighteen diameters into thirty-six equal parts. Each of these
parts should contain equal numbers of the points of impact

10. Take now one of these diameters as an initial line, and
the plane passing through it and AS as the plane of reference.

Consider the orbits corresponding to the points of impact of
the two ten-degree sectors that lie each side of the positive
half of the initial diameter. The inclination of these orbits to
the reference plane will be between 0° and 10°.

The orbits corresponding to the points of impact in the two
sectors next beyond (one on each side) will have inclinations
between 10° and 20° ; and so on, up to 180°. Hence, the
numbers of orbits whose inclinations to any arbitrarily selected
plane passing through AS are within each decade of degrees
from

3
to 180° should be equal: in other words, where AS is

large, the distribution of the inclinatwns of the orbits through the

two right angles should be uniform.
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11. But if AS is not large the above stated conclusion (10)

would not hold true. Thus if the comets came from the

region between Mars and Jupiter, being, for example, asteroids

somehow thrown out of the usual region of the asteroid orbits,

the total area of the impacts in the target plane would not be
large relative to a circle whose radius is equal to the diameter

of the orbit of Mars. The distribution of the inclinations of

the orbits would in that case naturally exhibit some evidence

of the law of distribution of the original motions.

12. Suppose, however, that the cometic masses are made
from the more distant matter of the solar nebula, mi

should perhaps have gone to form a planet outside of the orbits

of known planets. The masses must be supposed to come from
points in or near the plane of the solar system, which for present

purposes may be regarded as the ecliptic. Eeferring their

is to that plane, those inclinations, for reasons like

those given above (10), should have been originally uniformly

I through the two right angles from 0° to 180°. The
aphelia of the orbits should all have been near the ecliptic.

13. But suppose, on the other hand, that the cometic masses

are made from the matter in the stellar spaces. The points

from which they approach the sun are no longer, as under the

other supposition, points in or near the ecliptic. These points

are scattered over the heavens uniformly. For, only those

masses whose motions through space are very nearly equal to

the sun's motion can come within sight of the earth. The
small residuals that represent the relative motions of comet to

sun must, therefore, by reason of their smallness be nearly

independent of original absolute motions, and hence the points

should be equally distributed over the heavens.*

14. ~If now we consider a very large number of orbits and

draw lines through the sun at right angles to the plane of each

orbit, the points where these lines meet the celestial B]

be the poles of the planes of the orbits, and their distribution

over the heavens must be uniform. For the directions from

which comets enter the solar system are uniformly distributed

(13), and the poles for any direction of the line AS are uni-

formly distributed (10) about that line. Hence there is no

reason why there should be more poles in one part of the

heavens than in another.

15. If we refer these orbits (14) to the ecliptic, the inclina-

tion of any orbit to the ecliptic will be equal to the distance of

the two poles from each other, the pole of the orbit from the

pole of the ecliptic. If we divide the surface of the celestial

* Prof. Schiapitrelli by introducing (improperly, as T am sure he will concede)

•-
. : rfeign origin* n

-
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sphere into 18 zones by parallels of latitude at even decades
of degrees from +80° to -30°, then the orbits whose positive

poles lie in the northernmost segment will have inclinations less

than 10°.* The orbits whose positive poles lie in the next
zone will have inclinations between 30° and 20°, and so on up
to 180°. Hence the numbers of the orbits whose inclinations

to the ecliptic are included in the successive decades of degrees
will be as the areas of the zones. But these zones are as the
sines of 5°, 15°, 25°, etc. Therefore we conclude that if the

LI in the successive degrees from
0° to 180°, should have been proportional to the sines of incli-

nations. The distribution of the aphelia would have been uni-

form over the heavens. Hence their relative frequency at dif-

ferent latitudes would have been as the cosines of the latitudes.

17. We may represent the distribution of the inclinations by
a diagram. Let the axis of abscissas (fig. 1) extend from 0° to

180°, and upon this describe the first half cycle of the curve of
sines, y=a sinx. Draw also the straight line, AB, parallel to

the axis of abscissas, ys=j£ The ordinates of the two lines

represent the original distributions of the inclinations from 0°

to 180° of a given number of orbits according to the two theo-
ries. The aphelia, according to one theory, are distributed in

latitude as the cosines of the latitudes, in the other they are all

in the ecliptic.

18. If the comets came from the stellar spaces their original

orbits were hyperbolas. If they originated from our system
they were ellipses. In either case if their origin was very dis-

tant the orbits would have differed so little from parabolas that
the deviations in portions visible to the earth would, in general,
be covered up by the ordinary errors of our observations. If
the orbits had remained unchanged by perturbations the ques-
tion of origin would be simplv decided by determining whether
the orbits are now elliptic or 'hyperbolic. But the hyperbolic
orbits might be changed by a resisting medium (if there is one)
into ellipses, and perturbations by a large planet may change
ellipses into hyperbolas, or hyperbolas into ellipses. If there
is any known orbit of a comet that is beyond question hyper-
bolic, and its path was such that in approaching the sun at its

present appearance it did not so pass near to a large planet as
to have its velocity thereby increased, then that comet at least

must be regarded as coming to us from the stellar spaces. Hy-
perbolic orbits have been assigned to certain comets, but is the
hyperbolic character of any of them not open to reasonable
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challenge? On the other hand, if the comets, or any of them,
originate within the solar system, and not at a great distance

from the sun, their orbits would be short ellipses, and their

motions might be expected to be somewhat like those of xhe

planets. The fact that most of the periodic comets move in

orbits of small inclinations to the ecliptic, it must be admitted,

is, till otherwise explained, a very strong argument that they,

at least, always formed part of the solar nebula.

19. The original distributions of the aphelia and of the inclin-

ations were stated above. But the comet becomes subject to

perturbations, and, if it was, or, if it becomes a permanent
member of the system then the perturbations may accumulate
so as to destroy or conceal the original law. It is not easy to

give useful expressions for the secular perturbations for an
orbit of large excentricity and inclination. But the general

tendency of the forces would seem to resemble somewhat that

of their action upon the moon and the planets. Here the line

of apsides has a progressive secular motion, while the inclina-

ina quite constant. The effect of a resisting medium,
if one exists, would be to shorten the periodic time and to leave

the plane of the orbit unchanged. The effect upon the line of

apsides would not be large.

20. The present distribution of the aphelia is not critical

between the two hypotheses. For progression of the line of

apsides would in time distribute the aphelia of the orbits if

either hypothesis be true pretty uniformly over the heavens.

The actual distribution at the present time of the aphelia in

latitude for known orbits is very nearly as the cosine of the

latitude. The principal exception is a slight excess of num-
bers in the small latitudes. One conclusion may be safely

inferred from this thorough distribution over the heavens;

that is, that if Kant's hypothesis be true, the period of past

time since the comets were aggregated and made to describe

these long orbits has been a very great one, and the process of

disintegration of comets is a very slow one. These facts, so far

planet

upon the orbits of comets would be to increase the inclination

of some and diminish that of others.

If a comet passes Jupiter on one side the inclination may be

increased. This, however, is balanced by the diminution of

the inclination of another comet moving in a parallel path on

the opposite side of the planet, or, if you please, by one com-
ing on the same side of Jupiter but from the opposite direc-

tion. The total effect would at first sight seem to be neither

to increase nor diminia cations.

22. The present actual distribution of the inclinations is
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then of such import as to be carefully considered. From the

list of known cometic orbits I have rejected those for which
the data on which they were computed seemed to me to be too

slender to furnish an orbit worth retaining in the present inves-

tigation. There remained the following 247 orbits, arranged
in the table according to their incli nations, which are stated to

the nearest degree.

Table showing the nclinations of the i,«A n cometic orbits.

Tear. Inc. rear

3°2 18 45 50

Year.

83

'"" l

dd
Td r

: dd
Year. Inc.

1743 2 155,; U2
1779 1799 \d,:

I'll ^

1*11 32

32 57 -i 85

1799
1005

10 4

dd dd
145

50^ 18|o !.-2_ 18(7 147
17o-2

>57
33

33
;:,"

!801

1-03 -5 IS
105

170i d: Wil
147

17 73 01 1-03 i8_2 127 1770
is:',4 ISlv 02 107 149

1851 3- 1853 02 i 'da 107

is,* 03 1-57 1.8,47 1797 129 1840 151
1706 :-o; 89 129

1-50 1825 89 i-:! 129
Te:ii 1788 05 1818 90 10;,9 1723 1855 157

' 10- 1 00 1820 91 159

1834 1742 113
1771 42 1 7 1- 1871 113 1845 131 159
En.-. 131 159
a-.-:, 17-8 132 1-53 100

!>:5 175*8 08 1085 l*>:-> 132 11 .1 102

fS 1744

0, I-!-
;;•;;

110

17 43

1808; 134 dd 1-3

I'-Ar 1845 73 i-i- 1500 83 7

1-40 1812 74 MS
1851 1582 119 1804 135 178- 108

1847 It? 4-8 170
lSls !>47 49 1.-77 1ST!

1-03 7S is;:; 1793 17ol 138 1802 172

l|M
i
- i-0 99 138 1759 175

51 79 18 74 121
'-;..; ;-oo 18 17 1877 1802 138

is2t; 1840 53 13 3 7 139
Hr-r. 29

:.:-:•

53

54 -0!
Ml

8o I'd: 101

1853

1870 122 I
;;:_;

\d,
'.-to 30 170..; 1819 8! 1808

31 1824 '55 ;--: !«.- 1-25 - ' 1822 142

23. The usual method of arranging these inclinations for use
and exhibition in a diagram is to divide the 180° into suita-

ble equal divisions, and count the number of comets in each
division. Another method seemed, however, better suited to
the present purpose, and as it is believed to be well adapted to

many similar iWi-i..:^. [ describe it as briefly as possible,

fcach orbit is represented by the area of a probability curve of
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such parameter as was judged suitable. In the present discus-

sion in the equation of the curve y=ce-*V I assumed h= 0'2.

This makes the average removal of the area from the central

ordinate less than 3°. The area for one orbit at an inclination

of 90° is represented in fig. I. at the bottom of the figure. A
similar area is assigned to each one of the 247 orbits and is

supposed to be placed centrally on the ordinate corresponding

to its inclination. The total ordinate for any abscissa is the

sum of the corresponding ordinates of these several small

areas. The result is exhibited in the figure by the upper
irregular curved line. The line cannot be carried within two
or three degrees of the extreme ordinates without some assump-
tion of numbers beyond 0° and 180° in the original table, and
such assumption is, of course, not allowable.

24. The periodic comets form so peculiar a group that it was

well to separate them from the rest. There are thirteen such

comets, if we add to the ten certainly seen at different returns

the comet of the November meteors (1866 I, seen undoubtedly

in 1366), Lexell's comet, (1770 II), and Di Vico's, (1841 I).

The shaded area is the part contributed by the.^

comets, and the lower curved line represents the distribution

for the remaining comets.

We have then in the line AB, fig. 1, the expression of the

law of original distribution of the inclinations required by the

hypothesis of Kant ; in the smooth curve, or curve of sines, that
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of the law of distribution required by the hypothesis of Laplace

;

and in the irregular curves, the actual present distribution of

247, and 234, known orbits. Does the present fact most
favor the one hypothesis, or the other ? The smaller irregular-

ities of the curve are, of course, due to chance. But there are

certain large differences between the fact and each hypothesis
which show either systematic action of perturbations, or else

that neither hypothesis as stated is exclusively true. The form
of the question may be this : after allowing for any perturba-

tions and principles of selection that have acted on the orbits

of known comets, would the curve of fact in the figure agree
most nearly with the one, or with the other hypothesis ?

25. There may be some principle of selection, some cause
why it is easier, or harder, to discover comets of small
tions than those nearly perpendicular; or those of direct than
those of retrograde motions. But I have not been able to

establish the action of any such principle. The perturbations

only will therefore be considered.
If the comets come from without, and are now permanent

members of the solar system, as many of them certainly are,

their velocities for given distances from the sun have been
diminished by perturbations. If this diminution is due to a

resisting medium there is no resulting effect upon the inclina-

tions of the orbits : but if by comets passing near to planets

the inclinations are in general changed. In an individual case

the effect may be to increase, or it may be to diminish the

inclination. Which effect is most frequent? We can only
consider the average result, treating the orbits statistically rather

than individually.

26. If the planets and sun were fixed centers of force they
could not change by their attraction a comet's orbit from an
open into a closed curve. It is only to the motion of a planet
that the change is owing. Let a comet in its orbit come near
to Jupiter, for instance. If it passes in front of Jupiter, the
comet's potential relative to the mass of Jupiter and the sun
is increased without any corresponding increase by Jupiter's

attraction of its velocity. If it passes behind Jupiter, then its

potential is diminished by Jupiter's motion without any corres-

sponding decrease of velocity .

About Jupiter let there be described a series of level surfaces
at equal differences of potential. Then Jupiter's motion in his

orbit will carry some of these spherical surfaces past the comet.
The difference between the number of spheres entered and the

number left by virtue of Jupiter s motion, expresses the decrease
of the square of the comet's velocity. The surfaces are closer
to each other near to Jupiter. Hence the decrease depends on
the nearness of approach of the comet to Jupiter, and is propor-
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tional to the amount of Jupiter's motion normal to the average
direction of the relative orbit.

[This is more definitely shown, if desired, and the quantity
of the change is found by solving the equations of motion for

this case. Let a be the unit of distance, /the sun's attraction

at the unit of distance, v the velocity of the comet in its orbit

about the sun, r and r the distances of the comet from the sun
and Jupiter, and m the mass of Jupiter (sun's mass = 1) : then if

P-st>*—

-

im/.f

any change in P will evidently change the periodic time of the

comet in its elliptic orbit, or by diminution of P the orbit may
change from an hyperbola to an ellipse.

Let now x, y, z, be the coordinates of the comet relative to

the sun, xt , yb 2^, of the planet relative to the sun, x^ y^ Zq, of
the comet relative to the planet ; so that x = xx+ x^ y = yx + y^
and z=z1+z . Neglecting the comet's mass we have for the

equations of motion,

tfx

dt

Multiplying by 2dx, 2dy, and 2dz, adding and observing that

dx = dx
x + dxl, dy => dyx + dy^ dz = dzx + dz^ we have by re-

dt~ r\ \r
t

dt
+

r dt
+

r dt)

= - 2mfa*/x cfe, y dy
i

r* \ r <fo,
+

r ds
x

,

dsjdt'

where ds
x is the element of Jupiter's orbit about the sun. The

quantity in the parenthesis is the cosine of the angle at the
planet between the comet's radius vector and the direction of

Jupiter's motion, which angle we may denote by (p* The factor

~^~ is the planet's velocity in its orbit, which may be denoted

by t'j. Then we have,

dP Imfcfv

-dt
= ^COBfV

The integral for P for the time that the comet is within the

sphere of Jupiter's special action (that is. while the comet may
be treated as moving in a hyperbolic orbit about Jupiter, and
the sun only as a perturbing body), gives the change in P
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due to Jupiter's motion. Let v be the comet's relative velocity

on entering the sphere of Jupiter's action, and p the perpen-
dicular from Jupiter on its relative path at that time. From
Kepler's law r\dO = _p tvft where is the angle in the plane of

the comet's relative orbit defining the place of the comet. Dur-
ing the time of the comet's transit past Jupiter his motion may
be regarded as in a straight line. Project that line on the plane
of the comet's relative orbit, let be counted from this projection,

aud call the angle of projection d. Then cos (p = cos d cos 0,

and we have,

pa
v dJP= ^2mfa\'

l
cos 6 cos 6 dd.

Denoting the total change of P by 4 and the first and last

values of by 0' and 0", we have,

pQ
v A = 2mfa*v

1
cos <? (sin &- sin 6")

= 4mfa3v
l
cos 6 cos } (0'+ (?) sin £ (6'^ 6").

But d"~ 6' is the change of direction of the comet's radius

vector, and is approximately that angle of the asymptotes of the

hyperbolic orbit which encloses the curve. Denote it by 2a,

observing that sin a will in general be not much different from
unity. Again £(0'+0") is the angle defining the perijove of
the comet's orbit, and cos<5 cosi(0'+ d") = cosy, where <p is the
angle between the direction of Jupiter's motion and the direction

from Jupiter of the transverse axis of the comet's orbit. Hence,

That is, the total decrease in the kinetic energy of a comet caused by
the perturbing action of a planet during the transit of the comet past

tie planet isproportional to the continuedproduct ofthe momentum of
- '

direction^ changed by Hie planet (sin a), the cosine of the angle at

the planet between the din - motion and the trans-

verse axis of the comet's relative orbit (cos <p), and the reciprocal of
the constant area described in the unit of lime by the comet in its

relative orbit (2-rj0owo).]
27. Let CSP (fig. 2) be a triangle on the celestial sphere,

C and P being the points from which the comet's and planet's

motions are directed when they are near
each other, and S the direction of the sun
from the planet. If the planet be regarded
as describing a circle in the ecliptic, then
SP is a quadrant, and CSP is the incli-

nation of the comet's orbit. Denote CSP
by *, CP by <o, and CPS by /?. CP will
he greater or less than a quadrant according as S or i is greater
or Jess than a right angle, and by trigonometry tan z=sin ^ tan w.
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If we suppose a large number of comets to approach the planet

so that the value of to is constant but so that the points from
which their motions are directed are equably distributed on the

circumference of the small circle whose pole is P, and whose
I from P is to, then evidently the mean value of tan i is

-j; tf/3, that is - tan o>.* Therefore the greater

; algebraic value of tan w, the greater that of the mean value

of tan i. Hence, also, the greater the value of a> between 0° and
180° the greater the mean value o£ i, between the same limits.

Therefore we may conclude that when the perturbing action of
a planet upon neighboring comets increases the angle between the

"/'the motions of the comets and of the planet, that action

tends likewise in the mean to increase the inclination of the comets'

orbits to the plane of the planet's orbit, and conversely.

28. Suppose now that a comet passes through the sphere of

a planet's action. Denote the planet's velocity by vu the

comet's relative velocity on entering and on leaving the sphere

by t' , the comet's absolute velocity on entering the sphere by
v, and on leaving the sphere by v', the angle which the comet's

absolute motion makes with that of the planet on entering the

sphere by to, and on leaving the sphere by to'. Let also

2Y=v+v', and 2d=v— v'. Then by composition of motions,

».»=»,»+*' -2^ cos co=:v*+(V+dy-2v
t
(V+d) cos co

= Ui
=+y"_2Wy COS Go'^+iV-jy^vAV-d) COS «'.

Hence reducing, we have

e„s <.-co9M'=-
If^)

(V-,,oo8<B).

If now the action of the planet is to diminish v, both Y— d and
d are positive, and the sign of cos a;— cos a/ depends upon that

of V-i^cosw. Hence to is increased by that actien when
V-ulCoso> is positive.

If g>>90° this quantity is positive, and at the same time
i>90° (27). Since the action of the planet is to increase to, the

- value of i exceeds 90°. Therefore, when the inclination

of a comet's orbit is greater than 90°, and the velocity of the comet is

reduced by I of a planet near to which it comes,
the orbit after the periu • than 90°

;

and, if a large number of cases be considered, the mean effect of the

perturbations is to increase the inclinations.

29. Again, for a comet moving in a parabolic orbit we have
v=y

ty2. Hence, Y=^(v+v')->v
l cos 45°, and V-^cosoi is

positive when a*>45°. Therefore, whenever any comet moving
in a parabolic orbit passes near to a planet and by the planet's

* The integration should not extend to the second semicircle, since the comets
corresponding thereto belong to the other node.
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action has iti -/, the angle between the di

of the motions of the two bodies about the sun is increased in all

cases in wh / rat greater than 45°.

30. Again, when to is less than 45°, and the planet before

disturbance moves in a parabola so that v = vlx/2, then
V-v

{
cos <o is positive for all values of <o unless V<>i, that is,

unless y+ v'<2y1 , in other words 2C>2vi(v/2-i)= 0-828^.

Therefore, when a planet overtaken by a comet, the directions of
'!> iu< ,,.,,, ,,„ 7 less than 45°, has its velocity dim /»,,/,,f,
that difference of direction will be increased urdess the comet comes
so near to theplanet as to lose by its perturbing action a part of its

velocity at hast equal to about %ths of the planet's velocity.

31. Therefore, it is only in exceptional cases (28, 29, 30)
that the shortening by a planet's action of the periodic time of

a comet moving in an orbit of long period is not connected
with an increase of the angle of divergence of the two motions,
and a consequent tendency to increase the inclination of the
two orbits. In the exceptional cases the comet overtakes the
planet, passes around close to and in front of it, and is thus left

behind with an absolute velocity and hence a periodic time
much less than that of the planet, and with a direct motion.

32. On the other hand, for given values of v and vh and
<tf>90°, the smallest value of v' corresponds to o/=180°, when
v'—Vq—v-l. If the comet approaches in a parabolic orbit
v=v

t y/% and we have for the smallest value of v',

(v*+v
i
'-2vv

1
cos »)*-.«,=«,

|
(3-V2 cos «)*— 1 |.

Hence «/

>( %/3-l)y1=0'73t;1.
Therefore, when the inclination

of a comet's orbit is greater than 90°, and it approaches the planet
in a parabolic orbit, v met with an
absolute veto ,'

: /.hs of the velocity of the planet's

vehcity in its orbit. We may say that the value of v', when
a>>90°, will be in general much greater than vu and therefore
may conclude that the comet whose inclination exceeds 90° will
rarely by a planet's attraction acting during a single passage
be reduced from a parabolic orbit to one whose periodic time
is less than that of the planet.

33. Apply now these propositions to the questions stated
above (24). If comets are from stellar space they come toward
the planets at first a trifle faster than if moving in a parabola.
If one of them does not lose velocity, or if passing behind a
planet it gains velocity, that comet goes off into space again
never to return. But if it passes in" front of a large planet,
within a moderate distance of it, it loses velocity enough to
remain a permanent member of our system.
Most observed comets have on this hypothesis thus lost
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velocity. What proportion have not depends upon how fast

the process of disintegration of comets goes on. If this process

is very slow, the new comers on our list should form a smaller

proportion than if the process is rapid. But it has been seen

that in the process by which they lose velocity their orbits

have their inclinations in general increased. This is particu-

larly true for the inclinations between 45° and 135°, for the

corresponding comets are more likely to pass directly across in

front of the planets. Hence in fig. 1 we ought to expect on
Laplace's hypothesis as a result of perturbations an increase of

the ordinates between 90° and 135°, at the expense of the

ordinates between 45° and 90°.

Again, the periodic comets form a marked group and should
probably be treated separately. Now it is reasonable to sup-

pose that a large part of the area between 0° and 20° lying

below the shaded area is due also to comets of short periods.

Of the twenty-six comets in the table whose inclinations are

less than 20°, nine are noted as periodic and furnish the shaded
area near A. Of seven of the remainder, viz : 1743 I, 1678,

1585, 1766 II, 1819 IV, 1867 I and 1847 V, the orbits com-
puted are ellipses, mostly short ones, but the comets have not
been certainly detected at any return. Of the other ten about
half were not well enough observed to enable us to say
whether their periods were short or long. It is probably safe

to assume that the area between the curve of sines and the
shaded area belongs, up to 20°, to comets of short period.

These return so frequently that their number in a list of
observed comets is out of all proportion to their number among
existing comets. Whatever theory of the origin of this group
we may assume they should, because of the comparative ease
of their being detected, not count for much in studying the
original distribution of the inclinations.

Correct then the curve in fig. 1 by striking off the surplus
area below 20°, bringing back some of the area from the
second into the first quadrant to counteract the effect of per-
turbation, and the result corresponds well with the theoretical
curve of sines, especially if this curve is slightly reduced in

amplitude, as it should be, because of the removal of the
periodic comets. We therefore conclude, that the curve of fact
does agree well with that required by the hypothesis of Laplace if

we first make reasonable allowance for known perturbations,
and for the comets of short periods.

34 Can the facts of the distribution of inclinations be ex-
plained with reasonable suppositions on Kant's hypothesis? I
think not If the comets are from matter at a very great dis-

tance from the sun the line AB should represent the theory, and
the decided turn of the curve downward towards 180° seems
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inexplicable. The same is true for the downward turn of the

curve near A when the comets of short period are thrown out,

wholly, or in part. The effect of perturbation should be to

push the area forward towards B.

But if the comets come from matter somewhat nearer to the

sun, the line of theory should start above A and run out below
B. The perturbations should then increase some inclinations

and decrease others, with a slight tendency, in the mean, to

increase them. For the comets whose times are decreased, and,

therefore, whose inclinations are increased, would return more
frequently and so be more likely to appear in our list, while

some of those whose inclinations are diminished would go off

altogether. But the pi rt v\ .1 ..• - < .u!.l not easily remove the

excess of area from near A in the figure. We therefore con-

clude that the curve offact is not made to agree with the hypothesis

of Kant by simple and reasonable allowances for perturbations.

35. The separate group of comets of short period may, for

aught that appears in this discussion, have come either from
material of the solar nebula, or from outside. In the former
case they would seem to be merely asteroids turned out of

the region between Mars and Jupiter, usually occupied by
those bodies. If they came from outside there is a reason for

their direct motion in the fact that only comets leaving the

neighborhood of Jupiter's orbit with a small velocity can move
in these short periods, and only comets overtaking Jupiter can
have their velocities so much diminished in a single approach
to the planet. It is to be considered, however, that a comet
leaving the neighborhood of a large planet has peculiar ten-

dency to come again under its influence in subsequent revolu-
tions. A slower velocity of approach changes much the
problem at the second passage near the planet

36. How the comets first became solid is a question of great
interest. That they are solid seems evident from the solid

nature of the fragments broken off from the comets since they
entered the solar system, i. e., the meteorites and meteoroids.
The character of these fragments corresponds more with that of
the deeper rocks than with those on the surface of the earth.
It seems very improbable that iron masses whose like in the
earth is found only in the igneous trap rocks, especially in the
Greenland traps, should have become consolidated in the cold
of space in small parcels. The internal structure of the comet
fragments are records of an interesting early history. To
decipher the legends belongs rather to the mineralogist and
the physicist than to the astronomer. My effort has "been to
find where they were written.



W. X. luce—Animal of Miltepora <

The attention of zoologists was called to the relations of

Millepora by the announcement of Agassiz in 1858 that "Mille-

pora is not an Actinoicl Polyp, but a genuine Hydroid, allied

to Hydractinia."* Professor Agassiz figured the animals as

seen by him, in his Contributions to the Natural History of

the United States, vol. iii, p. 61. On the evidence afforded

by a single observation of Millepora, he proposed to transfer

to the Acalephas not only that genus, but all the Madreporaria
Tabulata of Milne-Edwards. Professor Yerrill has shownf
that the latter inference cannot be accepted, and that the Mad-

Tabulata form an artificial and quite heterogeneous
nbla

thes
itself, and the extreme shyness of the s

impossible to accumulate numerous observations. A paper by
General Nelson and P. Martin Duncan,:}: contains figures of the

animals of Millepora akicornis, as observed by the former
author while stationed at Bermuda many years ago. The
figures differ from those of Agassiz in arranging the tentacles

regularly in whorls of four, and the authors conclude that

Millepora is probably an Alcyonarian. The arrangement of

tentacles is certainly quite unusual in the Alcyonaria. admit-
ting the correctness of General Nelson's figures. In Novem-
ber, 1875, a paper by Mr. Moseley of the Challenger expedition
was read before the Royal Society,§ in which the author
reported observations on Millepora at Bermuda and elsewhere.
The observations seem to have been quite unsatisfactory, and
the author at that time ventured no conclusion from them. He
was, however, more fortunate at Tahiti ; and his paper read
before the Royal Society in April, 1876,1 gives the results of a
more complete and satisfactory series of observations on the
genus in question than has been made by any other author.
His conclusions agree substantially with those of Agassiz.

In the winter of 1876-7, the writer spent some weeks in

Bermuda, residing for a part of the time at Flats Tillage, on
the shore of Harrington Sound. The abundance of Millepora
in the shallow water of that beautiful lagoon afforded excellent
opportunity for an investigation of the animals. In this work,
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the writer was favored with the kind assistance of Mr. G.
Brown Goode, of the Smithsonian Institution. Our experience

enabled us to appreciate the difficulty which observers have
always found in the extreme shyness of the animals. Great
care was taken in collecting the animals to avoid subjecting

them to any more of a shock than was necessary. In accord-

ance with a suggestion of Professor Verrill, we were careful

not to have the specimens out of water for an instant either in

collecting them or in the subsequent manipulation. Specimens
were collected at various hours of the day, and examined at

about all hours of the day and night. Only once were we
favored with a sight of the zooids in expansion. Though that

observation was far from being as satisfactorj' as could be
desired, the writer has thought it might be worth while to give
an account of it ; for, on a subject so important and presenting
such difficulties to every observer, every scrap of observation
is probably worth saving.

The zooids which we saw in expansion showed generally a

pretty regular whorl of tentacles at the summit There seemed
to be indications of a tendency to a grouping of the tentacles

in one or more whorls below the one at the summit. But these

lower whorls were not at all regularly developed, and in some
cases the tentacles were scattered singly without any recogniz-
able arrangement in successive whorls. Where an approxima-
tion to a whorled arrangement could be recognized, the number
of tentacles in a whorl was generally four, but appeared to be
sometimes three. As regards the arrangement of the tentacles,

our observation is therefore substantially in agreement with
those of Agassiz and Moseley. We feel very confident that
the tentacles are not in uniform and regular whorls of four, as

figured by Nelson and Duncan.

The accompanying figures, 1 to 20, represent the outlines of
several zooids in the various positions in which they chanced to
present themselves. The drawings were made hastily while the
specimens were under examination. It is needless to remark
that they make no pretension to any artistic character. What-
ever value they may have arises from the fact of a conscien-
tious endeavor to draw exactly the outlines which were seen,
not a line being added hypothetically or inferentially. Figures
Am. Jour. Sci.-Third Series, Vol. XVI, No. 93.-Sept, 1878.



182 W. N. Bice—Animal of Millepora alcicornis.

1-16 represent zooids seen more or less nearly in profile
;

figures 17-20 zooids seen from above. Figures 5, 6, 8, 14, 15

were drawn by Mr. Goode ; the remainder by the writer. The

m-*8
6. 1. 8. 9. 10.

observers. The zooids seen by us appear to have been of the

mouthless kind. Moseley has noticed the fact that these

expand much more readily than the others. Our observations

were made partly with a two-inch, but chiefly with a one-inch

objective.

Some attempts were made to study the zooids by means of

decalcified specimens, previously treated with picric acid and
alcohol ; a preliminary treatment with picric acid and subse-

quent removal to alcohol having been shown by experiments

cft> « o3> a>' E3
16. 17. 18. 19. 20.

undertaken by members of the United States Fish Commission,
in 1874, to be remarkably effective in preserving the delicate

tissues of Hydrozoa. We did not succeed in obtaining by this

means any zooids in satisfactory condition. The specimens,
however, prepared as above stated, and subsequently mounted
in glycerine jelly, show well some details of structure, par-

ticularly the lasso-cells with extraordinarily long thread, figured
by Moseley.* Moseley's figure of a lasso-cell from Millepora
nodosa illustrates well the character of those in Millepora alci-

cornis, though in the latter the spinous portion is somewhat
nearer the base of the thread. The length of the thread in the
longest of our specimens is about 027 inch.

clxvii, pi. II, fig. 1.



Gray—Forest Geography and Archaeology.

Art. XYII.— Forest Geography and Archaeology ; a Lecture

delivered before the Harvard University Natural History Society,

April 18, 1878 ; by Asa Gray.

[Continued from p. 94.]

The difference in the composition of the Atlantic and Pacific

forests is not less marked than that of the climate and geograph-

ical configuration to which the two are respectively adapted.

With some very notable exceptions, the forests of the whole
northern hemisphere in the temperate zone (those that we are

concerned with) are mainly made up of the same or similar

kinds. Not of the same species ; for rarely do identical trees

occur in any two or more widely separated regions. But all

round the world in our zone, the woods contain Pines and
Firs and Larches, Cypresses and Junipers, Oaks and Birches,

Willows and Poplars, Maples and Ashes and the like. Yet
with all these family likenesses throughout, each region has
some peculiar features, some trees by which the country may
at once be distinguished.

Beginning by a comparison of our Pacific with onr Atlantic
forest, I need "not take the time to enumerate the trees of the
latter, as we all may be supposed to know them, and many of

the genera will have to be mentioned in drawing the contrast
to which I invite your attention. In this you will be impressed
most of all, I think, with the fact that the greater part of our
familiar trees are " conspicuous by their absence" from the
Pacific forest

For example, it has no Magnolias, no Tulip-tree, no Papaw,
no Linden or Basswood, and is very poor in Maples; no
r

t-trees—neither Flowering Locust nor Honey Locust—nor

dnous tree ; no Cherry large enough for a timber-

_. our wild Black Cherry; no Gum-trees (Nyssa nor
Iiiquidambar), nor Sorrel-tree, nor Kalmia ; no Persimmon, or
Bumelia ; not a Holly ; only one Ash that may be called a
timber-tree ; no Catalpa, or Sassafras ; not a single Elm, nor
Hackberry

; not a Mulberry, nor Planer-tree, nor Madura

;

not a Hickory, nor a Beech, nor a true Chestnut, nor a Horn-
beam

; barely one Birch tree, and that only far north, where
the differences are less striking. But as to Coniferous trees, the
only missing type is our Bald Cypress, the so-called Cypress
of our southern swamps, and that deficiency is made up by
other things. But as to ordinary trees, if you ask what takes
the place in Oregon and California of all these missing kinds,
which are familiar on our side of the continent, I must answer,

arly nothing. There is the Madrona (Arbutus)
• Kalmia (both, really trees in some places) ; and

;

L
sr

-
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there is the California Laurel instead of our southern Eed Bay
tree. Nor in any of the genera common to the two does the

Pacific forest equal the Atlantic in species. It has not half as

many Maples, nor Ashes, nor Poplars, nor Walnuts, nor

Birches, and those it has are of smaller size and inferior qual-

ity; it has not half as many Oaks; and these and the Ashes
are of so inferior economical value, that (as we are told) a pass-

able wagon-wheel cannot be made of California wood, nor a

really good one in Oregon.

This poverty of the western forest in species and types may
be exhibited graphically, in a way which cannot fail to strike

the eye more impressively than when we say that, whereas the

Atlantic forest is composed of 66 genera and 155 species, the

Pacific forest has only 31 genera and 78 species.* In the

appended diagrams, the short side of the rectangle is propor-

tional to the number of genera, the long side to the number of

species.

Now the geographical areas of the two forests are not very
different. From the Gulf of Mexico to the Gulf of St. Lawrence
about twenty degrees of latitude intervene. From the southern

end of California to the peninsula of Alaska there are twenty-

eight degrees, and the forest on the coast runs some degrees

north of this ; the length may therefore make up for the com-
parative narrowness of the Pacific forest region. How can so

meagre a forest make so imposing a show V Surely not by the

greater number and size of its individuals, so far as deciduous
(or more correctly non-coniferous) trees are concerned ; for on
the whole they are inferior to their eastern brethren in size if

not in number of individuals. The reason is, that a larger pro-

portion of the genera and species are coniferous trees ; and these,

being evergreen (except the Larches), of aspiring port and
eminently gregarious habit, usually dominate where they occur.

While the east has almost three times as many genera and four
times as many species of non-coniferous trees as the west, it

baa ahghtiy fewer genera and almost one-half fewer species
of coniferous trees than the west. That is, the Atlantic conif-

erous forest is represented by 11 genera and 25 species

;

the Pacific by 12 genera and 44 species. This relative pre-
ponderance may also be expressed oy the diagrams, in which
the smaller enclosed rectangles, drawn on the same scale,

represent the coniferous portions of these forests.

* We take in only timber trees, or such as attain in the most favorable localities
to a size which gives them a clear title to the arboreous rank. The subtropical

T-oiity and Keys of Florida are excluded. So also are one or two
ern borders of

IB, Larue, Picea,
Abies and Tsuga are admitted to this rank, but Cupressus and Cham
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Indeed, the Pacific forest is made up of conifers, with non-

»vth of plains, on which the oaks at most reproduce the
features of the " oak openings" here and there bordering the
Mississippi prairie region. Perhaps the most striking contrast
between the west and the east, along the latitude usually trav-

ersed, is that between the spiry evergreens which the traveler
leaves when he quits California, and the familiar woods of

various-hued round-headed trees which give him the feeling of
home when he reaches the Mississippi. The Atlantic forest is

rly rich in these, and is not meagre in coniferous trees.

All the glory of the Pacific forest is in its coniferous trees : its

desperate poverty in other trees appears in the annexed diagram.

1. Atlantic American Forest. 3. Japan-Mane
2. Pacific American Forest. 4. European F

.
These diagrams are made more instructive, and the relative

richness of the forests round the world in our latitude is most
simply exhibited, by adding two or three similar ones. Two
will serve, one for Europe, the other for N. E. Asia. A third
would be the Himalay-Altaian region, geographically interme-
diate between the other two as the Arizona-Rock-.
district is between our eastern and western. Both are here left
out of view, partly for the same, partly for special reasons per-
taining to each, which I must not stop to explain. These four
marked specimens will simply and clearly exhibit the general
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Keeping as nearly as possible to the same scale, we may
count the indigenous forest trees of all Europe at 33 genera and

85 species. And those of the Japan-Manchurian region, of

very much smaller geographical area, at 66 genera and 168

species. I here include in it only Japan, Eastern Manchuria,

and the adjacent borders of China. The known species of

trees must be rather roughly determined ; but the numbers
here given are not exaggerated, and are much more likely to

be sensibly increased by further knowledge than are those of

any of the other regions. Properly to estimate the surpassing

richness of this Japan-Manchurian forest, the comparative

smallness of geographical area must come in as an important

consideration.

To complete the view, let it be noted that the division of

these forests into coniferous and non-coniferous is, for the

26 genera, 68 species.

coniferous, 7 "17 "

trees as are possessed by all Europe ; and as to coniferous trees,

the former has more genera than the latter has species, and over

66 " 168 "

In other words, a narrow region in Eastern Asia contains twice

i and about twice as many species of indigenous

twice and u half as many species.

The only question about the relation of these four forest

regions, as to their component species, which we can here pause
to answer, is to what extent they contain trees of identical

species. If we took the shrubs, there would be a small num-
ber, if the herbs a very considerable number, of species common
to the two New World and to the two Old World areas respect-

ively, at least to their northern portions, even after excluding
ine plants. The same may be said, in its degree, of

the North European flora compared with the Atlantic North
American, of the Northeast Asiatic compared with the north-

ern part of the Pacific North American, and also in a peculiar
way (which I have formerly pointed out and shall have soon
to mention) of the Northeastern Asiatic flora in its relations

to the Atlantic North American. But as to the forest trees

there is very little community of species. Yet this is not abso-
lutely wanting. The Red Cedar {Junip- run V. r •, nana) among
coniferous trees, and Populus trem deciduous,
extend across the American continent speci
though hardly developed as forest trees on the" Pacific side.
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There are probably, but not certainly, one or two instances on
the northern verge of these two forests. There are as many in

which eastern and western species are suggestively similar.

The Hemlock-Spruce of the Northern Atlantic States, and the
Yew of Florida are extremely like corresponding trees of the

Pacific forest ; indeed the Yew-trees of all four regions may
come to be regarded as forms of one polymorphous species.

The White Birch of Europe and that of Canada and New Eng-
land are in similar case ; and so is the common Chestnut (in

America confined to the Atlantic States), which on the other
side of the world is also represented in Japan. A link in the
other direction is seen in one spruce tree (called in Oregon
Menzies Spruce) which inhabits Northeast Asia, while a pecul-
iar form of it represents the species in the Kocky Mountains.
But now other and more theoretical questions come to be

asked, such as these

:

Why should our Pacific forest region, which is rich and in
some respects unique in coniferous, be so poor in deciduous

Then the two Big-trees, Sequoias, as isolated in character as
in location,—being found only in California, and having no near
relatives any where,—how came California to have them ?

Such relatives as the Sequoias have are also local, peculiar,
and chiefly of one species to each genus. Only one of them is

American, and that solely eastern, the Taxodium of our Atlan-
tic States and the plateau of Mexico. The others are Japanese
and Chinese.

Why should trees of six related genera, which will all thrive
in Europe, be restricted naturally, one to the eastern side of
the American continent, one genus to the western side and very
locally, the rest to a small portion of the eastern border of Asia?
Why should coniferous trees most affect and preserve the

greatest number of types in these parts of the world ?

And why should the Northeast Asian region have, in a com-
paratively small area, not only most coniferous trees, but a
notably larger number of trees altogether than any other part
of the northern temperate zone? Why should its only and
near rival be in the antipodes, namely, here in Atlantic North
America? In other words why should the Pacific and the
European forests be so poor in comparison, and whv the Pacific
poorest of all in deciduous, yet rich in coniferous trees ?

,
The first step toward an explanation of the superior richness

in trees of these antipodal regions, is to note some striking sim-
ilarities of the two, and especially the number of peculiar types
which they divide between them. The ultimate conclusion
may at length be ventured, that this richness is normal, and
that what we really have to explain is the absence of so many
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forms from Europe on the one hand, from Oregon and Cali-

fornia on the other. Let me recall to mind the list of kinds

(i. e. genera) of trees which enrich our Atlantic forest but are

wanting to that of the Pacific. Now almost all these recur, in

more or less similar but not identical species, in Japan, North
China, etc. Some of them are likewise European, but more
are not so. Extending the comparison to shrubs and herbs, it

more and more appears, that the forms and types which we
count as peculiar to our Atlantic region, when we compare
them, as we first naturally do, with Europe and with our West,

have their close counterparts in Japan and North China ; some
in identical species (especially among the herbs), often in

strikingly similar ones, not rarely as sole species of peculiar

genera or in related generic types. I was a very young botanist

when I began to notice this ; and I have from time to time

made lists of such instances. Evidences of this remarkable
relationship have multiplied year after year, until what was
long a wonder has come to be so common that I should now
not be greatly surprised if a Sarracenia or a Dionaea, or their

like, should turn up in Eastern Asia. Very few of such iso-

lated types remain without counterparts. It is as if Nature,

when she had enough species of a genus to go round, dealt

them fairly, one at least to each quarter of our zone ; but

when she had only two of some peculiar kind gave one to us

and the other to Japan, Manchuria, or the Himalayas ; when
she had only one, divided these between the two partners on the

opposite side of the table. The result, as to the trees, is seen

in these four diagrams. As to number of species generally, it

cannot be said that Europe and Pacific North America are at

all in arrears. But as to trees, either the contrasted regions

have been exceptionally favored, or these have been hardly
dealt with. There is, as I have intimated, some reason to adopt
the latter alternative.

We may take it for granted that the indigenous plants of any
country, particularly the trees, have been selected by climate.

Whatever other influences or circumstances have been brought
to bear upon them, or the trees have brought to bear on each
other, no tree could hold its place as a member of any forest

or flora which is not adapted to endure even the extremes
of the climate of the region or station. But the character of

the climate will not explain the remarkable paucity of the

trees which compose the indigenous European forest. That is

proved by experiment, sufficiently prolonged in certain cases

to justify the inference. Probably there is no tree of the

northern temperate zone which will not flourish in some part

of Europe. Great Britain alone can grow double or treble the

number of trees that the Atlantic States can. In all the latter
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we can grow hardly one tree of the Pacific coast. England
supports all of them, and all our Atlantic trees also, and like-

wise the Japanese and North Siberian species, which do thrive
here remarkably in some part oi ti Ath '<

< ist, especially

the cooler-temperate ones. The poverty of the European sylva
: table to the absence of our Atlantic American types,

to its having no Magnolia, Liriodendron, Asimina, Negundo,
no iEsculus, none of that rich assemblage of Leguminous trees

represented by Locusts, Honey-Locusts, Gymnocladus, and Cla-
drastis (even its Cercis. wlm h is 1 ardly European, is like the

; n one mainly a shrub); no Nyssa, nor Liqu:
no Ericaceae rising to a tree ; no Bumelia, Catalpa, Sassafras,

Osage Orange, Hickory, or Walnut; and as to Conifers, no
Hemlock Spruce, Arbor-vitas, Taxodium, nor Torreya. As
compared with Northeastern Asia, Europe wants most of these
same types, also the Ailantus, Gingko, and a goodly number
of coniferous genera. I cannot point to any types tending to
make up the deficiency, that is, to any not either in East North
America or in Northeast Asia, or in both. Cedrus, the true
Cedar, which comes near to it, is only North African and Asian.
I need not say that Europe has no Sequoia, and shares no special
type with California.

Now the capital fact is, that many and perhaps almost all of
these genera of trees were well represented in Europe through-
out the later Tertiary times. It had not only the same generic
l
> }">< but in some cases even the same species, or what must

sh, in the lack of recognizable distinctions between
roBffll remains and living analogues. Probably the European
Miocene forest was about as rich and various as is ours of
the present day, and very like it. The Glacial period came and
passed, and these types have not survived there, nor returned.
Hence the comparative poverty of the existing European
s.ylva, or at least, the probable explanation of the absence of

Why did these trees perish out of Europe but survive in
America and Asia? Before we enquire how Europe lost
them, it may be well to ask, how it got them. How came
these American trees to be in Europe? And among the rest,
ow came Europe to have Sequoias, now represented only by

our two Big trees of California? It actually possessed two

jP
ec

If
s anc* more; one so closely answering to "the Redwood of

the Coast Ranges, and another so very like the Sequoia gigantea
°t the Sierra Neva-la. that, if s i :h f.'.ssi! twins \ th leaves and

I been exhumed in California instead of Europe, it

afidentlj be affirmed that we had resurrected the

mr two giant trees. Indeed, so it may
1 Caelum non animam mutant," etc., may be
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applicable even to such wide wanderings and such vast inter-

vals of time. If the specific essence has not changed, and
even if it has suffered some change, genealogical connection is

to be inferred in all such cases.

That is, in these days it is taken for granted that in

of the same species, or with a certain likeness throughout, had
a single birthplace, and are descended from the same stock, no
matter how widely separated they may have been either in

space or time, or both. The contrary supposition may be made,
and was seriously entertained by some not very long ago. It

is even supposable that plants and animals originated where
they now are, or where their remains are found. But this is not

science : in other words it is not conformable to what we now
know, and is an assertion that scientific explanation is not to

be sought.

Furthermore, when species of the same genus are not found
almost everywhere, they are usually grouped in one region, as

are the Hickories in the Atlantic States, the Asters and Golden-

rods in North America and prevailingly on the Atlantic side,

the Heaths in Western Europe and Africa. From this we are

led to the inference that all species closely related to each other

have had a common birth-place and origin. So that, when we
find individuals of a species or of a group widely out of the

range of their fellows we wonder how they got there. When
we find the same species all round the hemisphere, we ask how
this dispersion came to pass.

Now, a very considerable number of species of herbs and
shrubs, and a few trees, of the temperate zone are found all

round the northern hemisphere; many others are found part

way round,—some in Europe and Eastern Asia; some in Europe
and our Atlantic States ; many, as I have said, in the Atlantic

States and Eastern Asia ;—fewer (which is curious) common to

Pacific States and Eastern Asia, nearer though these countries be.

We may set it down as useless to try to account for this dis-

tribution by causes now in operation and opportunities now
afforded, i. e., for distribution across oceans by winds and cur-

rents, and birds. These means play their part in dispersion

from place to place, by step after step, but not from continent
to continent, except for few things and in a subordinate way.

Fortunately we are not obliged to have recourse to over-

strained suppositions of what might possibly have occurred
now and then, in the lapse of time, by the chance conveyance
of seeds across oceans, or even from one mountain to another.

The plants of the top of the White Mountains and of Labrador
are mainly the same ; but we need not suppose that it is so

because birds have carried seeds from the one to the other.

I take it that the true explanation of the whole problem
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piecemeal

o be found
by looking to the north, to the state of things at the arctic

zone,—first, as it now is, and then as it has been.

North of our forest-regions comes the zone un wooded from
cold, the zone of arctic vegetation. In this, as a rule, the

species are the same round the world ; as exceptions, some are

restricted to a part of the circle.

The polar projection of the earth down to the northern tropic,

as here exhibited, shows to the eye—as our maps do not—how
all the lands come together into one region, and how natural
it may be for the same species, under homogeneous conditions,
to spread over it. When we know, moreover, that sea and
land have varied greatly since these species existed, we may
well believe that any ocean-gaps, now in the way of equable
distribution, may have been bridged over. There is now only
one considerable gap.
What would happen if a cold period were to come on from

the north, and were very slowly to carry the present arctic

climate, or something like it, down far into the temperate zone?
^ ' /• just what has happened in the Glacial period, when the
refrigeration somehow pushed all these plants before it down
to Southern Europe, to Middle Asia, to the middle and southern
part of the United States : and, at length receding, left some
parts of them stranded on the Pyrenees, the Alps, the Appenines,
the Caucasus, on our White and Kocky Mountains, or, wherever
they could escape the increasing warmth as well by ascending
mountains as by receding northward at lower levels. Those that
kept together at a low level, and made good their retreat, form
the main body of present arctic vegetation. Those that took to

t off, and hold their

tops under cover of the frigid clir

due to elevation. The conditions of these on different conti-
nents or different mountains are similar, but not wholly alike.
Some species proved better adapted to one, some to another,
part of the world ; where less adapted, or less adaptable, they
have perished

; where better adapted, they continue,—with or
without some change ;—and hence the diversification of alpine
Elants, as well as the general likeness through all the northern
emisphere.

All this exactly applies to the temperate zone vegetation,
and to the trees that we are concerned with. The clew was
seized when the fossil botany of the high arctic regions came
to light; when it was demonstrated that in the times next pre-
ceding the Glacial period—in the latest Tertiary—from S
gen and Iceland to Greenland and Kamtschat'ka, a climate like
that we now enjoy prevailed, and forests like those of New
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a. and of California, clothed the land. We
infer the climate from the trees ; and the trees give sure indi-

cations of the climate.

I bad divined and published the explanation long before I

knew of the fossil plants. These, since made known, render the

inference sure, and give us a clear idea of just what the climate

was. At the time we speak of, Greenland, Spitzbergen and
our arctic sea-shore, had the climate of Pennsylvania and Vir-

ginia now. It would take too much time to enumerate the

sorts of trees that have been identified by their leaves and
fruits in the arctic later Tertiary deposits.

I can only say, at large, that the same species have been
found all round the world ; that the richest and most extensive

finds are in Greenland ; that they comprise most of the sorts

which I have spoken of, as American trees which once lived

in Europe,—Magnolias, Sassafras, Hickories, Gum-trees, our

identical Southern Cypress (for all we can see of difference),

and especially Sequoias, not only the two which obviously

answer to the two Big-trees now peculiar to California, but

several others ; that they equally comprise trees now peculiar

to Japan and China, three kinds of Gingko-trees, for instance,

one of them not evidently distinguishable from the Japan
species whi that we have evidence, not merely
of Pines and Maples, Poplars, Birches, Lindens, and whatever
else characterize the temperate-zone forests of our era, but also

of particular species of these, so like those of our own time and
country, that we may fairly reckon them as the ancestors of

several of ours. Long genealogies always deal more or less in

conjecture ; but we appear to be within the limits of scientific

inference when we announce that our existing temperate trees

came from the north, and within the bounds of nigh probability

when we claim not a few of them as the originals of present

species. Eemains of the same plants have been found fossil in

our temperate region, as well as in Europe.
Here, then, we have reached a fair answer to the question

how the same or similar species of our trees came to be so dis-

persed over such widely separated continents. The lands all

>m a polar center, and their proximate portions—how-
ever different from their present configuration and extent, and
however changed at different times—were once the home of

those trees, where they flourished in a temperate climate. The
cold period which followed, and which doubtless came on by
very slow degrees during ages of time, must have long before its

-a have brought down to our latitudes, with the similar

climate, the forest they possess now, or rather the ancestors of it.

During this long (and we may believe first) occupancy of Europe
and the United States, were deposited in pools and shallow
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waters the cast leaves, fruits, and occasionally branches, which
are imbedded in what are called Miocene Tertiary or later

deposits, most abundant in Europe, from which the American
character of the vegetation of the period is inferred. Geologists

give the same name to these beds, in Greenland and Southern
Europe, because they contain the remains of identical and very
similar species of plants; and they used to regard them as of

the same age on account of this identity. But in fact this

identity is good evidence that they cannot be synchronous.
The beds in the lower latitudes must be later, and were forming
when Greenland probably had very nearly the climate which

Wherefore the high, and not the low, latitudes must be
assumed as the birth-place of our present flora;* and the present
arctic vegetation is best regarded as a derivative of the temperate.
This flora, which when circumpolar was as nearly homogeneous
round the high latitudes as the arctic vegetation is now, when
slowly translated into lower latitudes, would preserve its homo-
geneousness enough to account for the actual distribution of the
same and similar species round the world, and for the original

endowment of Europe with what we now call American typo*.

It would also vary or be selected from by the increasing differ-

entiation of climate in the divergent continents, and on their

different sides, in a way which might well account for the
present diversification. From an early period, the system of
the winds, the great ocean currents (however they may have
oscillated north and south), and the general proportions and
features of the continents in our latitude (at least of the Amer-
ican continent) were much the same as now, so that species of
plants, ever so little adapted or predisposed to cold winters and
hot summers, would abide and be developed on the eastern side
of continents, therefore in the Atlantic United States and in
Japan and Manchuria ; those with preference for milder winters
would incline to the western sides; those disposed to tolerate
dryness would tend to interiors, or to regions lacking summer
rain. So that, if the same thousand species were thrust promis-
cuously into these several districts, and carried slowly onward
in the \

manner
explain the pre

Besides, there are re-siftings to take into the account The
Glacial period or refrigeration from the north, which at its in-
ception forced the temperate flora into our latitude, at its cul-
mination must have carried much or most of it quite beyond.

*??is tek
!
s for granted, after Xordenskiold, that there was no preceding Glacial

logy nor the study of arctic sedimentary strata afford
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To what extent displaced, and how far superseded by the vege-

tation which in our day borders the ice, or by ice itself, it is

difficult to form more than general conjectures—so different and
conflicting are the views of geologists upon the Glacial period.

But upon any, or almost any, of these views, it is safe to con-

clude that temperate vegetation, such as preceded the refrigera-

tion and has now again succeeded it, was either thrust out of

Northern Europe and the Northern Atlantic States, or was
reduced to precarious existence and diminished forms. It also

appears that, on our own continent at least, a milder climate

than the present, and a considesable submergence of land, tran-

siently supervened at the north, to which the vegetation must
have sensibly responded by a northward movement, from which
it afterward receded.

All these vicissitudes must have left their impress upon the

actual vegetation, and particularly upon the trees. They fur-

nish probable reason for the loss of American types sustained

by Europe.
I conceive that three things have conspired to this loss.

First, Europe, hardly extending south of latitude 40°, is all

within the limits generally assigned to severe glacial action.

Second, its mountains trend east and west, from the Pyrenees
to the Carpathians and the Caucasus beyond, near its southern

border ; and they had glaciers of their own, which must have
begun their operations, and poured down the northward flanks,

while the plains were still covered with forest on the retreat from
the great ice-wave coming from the north. Attacked both on

front and rear, much of the forest must have perished then and
there. Third, across the line of retreat of those which may
have flanked the mountain-ranges, or were stationed south of

them, stretched the Mediterranean, an impassable barrier. Some
hardy trees may have eked out their existence on the northern

shore of the Mediterranean and the Atlantic coast. But we
doubt not, Taxodium and Sequoias, Magnolias and Liquidam-
bars, and even Hickories and the like were among the missing.
Escape by the east, and rehabilitation from that quarter until a

very late period, was apparently prevented by the prolongation
of the Mediterranean to the Caspian, and thence to the Siberian
ocean. If we accept the supposition of Nordenskiold, that

anterior to the Glacial period, Europe was " bounded on the
south by an ocean extending from the Atlantic over the present
deserts of Sahara and Central Asia to the Pacific," all chance
of these American types having escaped from or re-entered

Europe from the south and east, is excluded. Europe may
thus be conceived to have been for a time somewhat in the

condition in which Greenland is now, and, indeed to have been
connected with Greenland in this or in earlier times. Such a
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junction, cutting off access of the Gulf Stream to the polar sea,

would, as some think, other things remaining as they are,

almost of itself give glaciation to Europe. Greenland may be
referred to, by way of comparison, as a country which, having
undergone extreme glaciation, bears the marks of it in the
extreme poverty of its flora, and in the absence of the plants
to which its southern portion, extending six degrees below the
arctic circle, might be entitled. It ought to have trees, and
might support them. But since destruction by glaciation, no
way has been open for their return. Europe fared much better,

but suffered in its degree in a similar way.
Turning for a moment to the American continent for a con-

trast, we find the land unbroken and open down to the tropic,

and the mountains running north and south. The trees, when
touched on the north by the on-coming refrigeration, had only
to move their southern border southward, along an open way,
as far as the exigency required ; and there was no impediment
to their due return. Then the more southern latitude of the
United States gave great advantage over Europe. On the
Atlantic border, proper glaciation was felt only in the northern
part, down to about latitude 40°. In the interior of the country,
owing doubtless to greater dryness and summer heat, the limit
receded greatly northward in the Mississippi Valley, and gave
only local glaciers to the Kocky Mountains ; and no volcanic
outbreaks or violent changes of any kind have here occurred
since the types of our present vegetation came to the land. So
our lines have been cast in pleasant places, and the goodly
heritage of forest trees is one of the consequences.
The still greater richness of Northeast Asia in arboreal vege-

tation may find explanation in the prevalence of particularly
favorable conditions, both ante-glacial and recent. The trees
of the Miocene circumpolar forest appear to have found there a
secure home ; and the Japanese islands, to which most of these
trees belong, must be remarkably adapted to them. The situa-
tion of these islands—analogous to that of Great Britain, but
with the advantage of lower latitude and greater sunshine

—

their ample extent north and iouth, their diversified configura-
tion, their proximity to the great Pacific gulf-stream, by which a
vast body of warm water sweeps along their accentuated shores,
and the comparatively equable diffusion of rain throughout the
year, all probably conspire to the preservation and develop-
me
ml

of an originally ample inheritance.
The case of the Pacific forest is remarkable and paradoxical.

At is, as we know, the sole refuge of the most characteristic and
wide spread type of Miocene Conifer*, the Sequoias ; it is rich
ln coniferous types beyond any country except Japan; in its

gold-bearing gravels are indications that it possessed, seemingly
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down to the very beginning of the Glacial period. Magnolias

and Beeches, a true Chestnut, Liquidambar, Elms, and other

trees now wholly wanting to that side of the continent, though
common both to Japan and to Atlantic North America.* Any
attempted explanation of this extreme paucity of the usually

major constituents of forest, along with a great development of

the minor, or coniferous, element, would take us quite too far,

and would bring us to mere conjectures.

Much may be attributed to late glaciation ;f something to the

tremendous outpours of lava which, immediately before the

period of refrigeration, deeply covered a very large part of the

forest area ; much to the narrowness of the forest belt, to the

want of summer rain, and to the most unequal and precarious

distribution of that of winter.

Upon all these topics questions open which we are not pre-

pared to discuss. I have done all that I could hope to do in one
lecture if I have distinctly shown that the races of trees, like

the races of men, have come down to us through a pre-historic

(or pre-natural-historic) period ; and that the explanation of

the present condition is to be sought in the past, and traced in

vestiges, and remains, and survivals ; that for the vegetable

kingdom also there is a veritable Archaeology.

of a standard solution of tartar emetic in pre

chloride. Gerland's formula, in which the old atomic weights

are used (Zeitschrift fur Analyse, 1863, ii, page 419), is given as

Sb03(C18H 3 12)3 [or in the new nomenclature Sb2 3(C18H16 12)s]

which requires

Sb, 15-60 per cent, C, 41-43 per cent, H, 3-07 per cent.

The formula that we have been led to adopt, is Sba(C14H 80,) 8+

Sb, 18-59 per cent, C, 38-41 per cent, H, 2*74 per cent,

in which tannic acid is considered as di -gallic acid,$ with, possi-
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i formula is deduced from the following analyses of anti-

mony tannate. All the tannates described in this paper were
prepared in the same manner. The solution, containing five

to ten grams of tannic acid per liter, was heated to 60° C. in a
water bath. Tartar emetic in strong solution was added, then
30 c.c. of ammonium acetate per liter. After the whole was
shaken and allowed to settle, it was filtered and dried at 100° C.

to 105° C. for three or four days in an ordinary air-bath. The
bulky, yellowish-white, gelatinous precipitate at first formed
became, when dried, yellowish to reddish-brown, transparent,

amorphous, and broken into small angular fragments.

Antimony T<iii/ntU$.

37-38

37-53

37-51

From nutgalls
-J

20-5 38-47 2-81

(
38-14 2-92

From sumac, No. I 39-60 2-70

II 39*54 2-74

III 20-1 40-51 2-92

The antimony was determined as a sulphide, and the calcu-

lated results are probably a little too high.

As to the process of titration, our first experience coincided
with the statement of Gauhe (Zeitschrift fur Analyse, 1863,
»i, page 122), that the end of the reaction was difficult to seize,

and that the dilute solutions remained turbid. Even after we
found an indicator, the process in our hands gave varying
results with varying quantities of ammonium chloride and with
different proportions of water.
We then made a series of tests with other substances, viz

:

alum, salts of sodium, etc., as precipitating agents. The one
chosen as a result of these tests was ammonium acetate, prepared
by mixing in the right proportion glacial acetic acid and strong
ammonia water of known strengths.* 1 c.c. of this preparation
added for every 25 or 30 c.c. of the total bulk, will give a clear,

supernatant liquid after standing a few minutes.
Without stating in detail the steps of the investigation, we

give our process as we now use it.

• "VTe used acetic acid containing 95 per cent CoH 4 2 and ammonia containing

Am. Jocr. Scl-Third Series, Vol. XVI, No. 93.-Sept., 187a
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Thei

of, at least, three aliquot parts, each portion of 50 to 100 c.c.

containing *100 to -300 grams of tannic acid. After the solu-

tion, made by digestion with water, is made up to a known
bulk, three or four portions are measured out and set in a water

bath to be heated to 50° or 60° C. The standard solution of

tartar emetic contains 6*730 grams per liter of the C4H4KSb07

salt dried at 100° C. 1 c.c. is considered to correspond to -010

gram of tannic acid. Gerland's formula would require 5 '222

grams per liter for the same value.

The estimation is facilitated by obtaining a maximum and a

minimum point at the first reading, as one portion is settling

while the other is being treated ; therefore tartar emetic is

added from a burette to one portion in excess of the probable

quantity required, and to another in less amount. The anti-

mony tannate is then precipitated by the requisite number of

cubic centimeters of ammonium acetate, and allowed to settle.

A drop of the clear liquid is added to a drop of sodium hypo-

sulphite on a hot porcelain plate, and if the tartar emetic has

been added in excess, the deep orange color of the antimony
sulphide will at once appear. When this point is reached by
successive additions of the standard solution to the minimum
portion, we add to a third portion the estimated quantity, and
test the clear liquid as a check on the loss occasioned by taking

out several drops.

We have found it easier to carry the titration to a decided

orange tint, and to subtract -5 c.c. of tartar emetic solution for

100 c.c. of liquid, rather than to try to seize the first faint tinge,

as most of the substances to be titrated contain coloring matter

which give a yellowish or reddish tint, but not an orange color.

Gerland states that neither gallic acid nor the coloring matter

contained in certain substances affects the results. This seems
to be true so far as gallic acid is concerned, but the discussion

of the relation of the coloring matter to the precipitate, together

with the results of our titrations and combustions of antimony
tannate from hemlock bark, oak bark, sweet-fern leaves, etc.,

must be reserved for a future paper.

ate of Technology, Woman's Laboratory, July, 1878.
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Art. XIX.— On some Seleniocyanates; on the Electrolytic Esti-

mation of Mercury ; some Specific Gravity Determinations.

Being Parts VII, VIII and IX of Laboratory Notes from the

University of Cincinnati; by F. W. Clarke, S.B., Professor

of Chemistry.

VII. On some Seleniocyanates.

In 1855 Buckton discovered and described the double sul-

phocyanates of platinum.* Of these, the potassium salt is

perhaps the one best known, partly because of its beauty, and
partly because of the ease with which it may be prepared.

Eecently, my attention having been called to this compound,
it occurred to me that it might be interesting to prepare the
corresponding seleniocyanate. Accordingly I assigned the task
to Mr. W, L. Dudley, a student in the University of Cincinnati,

who had little difficulty in attaining to success.

When an alcoholic solution of potassium seleniocyanate is

added to a similar solution of platinic chloride, a heavy reddish
brown precipitate is immediately formed. This, upon boiling,

becomes darker in color, and apparently in part dissolves. The
filtered liquid deposits crystals of the new salt, mixed with a
reddish sediment of selenium ; and these, although they are

slightly unstable, may be purified by recrystallization from
alcohol. The crystals are usually very small ; mere scales in

fact ; although on one occasion they separated out as regular

six-sided tables, several millimeters in diameter. By reflected

light they are nearly black ; but by transmitted light, deep
garnet red. Specific gravity, 3*377 at 10°'2, 3-378 at 12°'5.

The weighings were made in benzol. Determinations of plati-

num and potassium came out as follows :

ium 8-57 8*61

Platinum 21-64 21-73

There is, therefore, no reasonable doubt that the new salt is

represented by the formula K 3
Pt(CSeN) a , and that it is strictly

analogous to Buckton's sulphocyanate.
An attempt to prepare gold salts resembling the sulphocyan-

ates described by Clevef was only partially successful. When
alcoholic solutions of potassium seleniocyanate and neutral gold
chloride are mixed, a red precipitate falls, which consists in
large part of free selenium. The pale orange-yellow filtrate

from this precipitate yields by spontaneous evaporation a crys-

talline crust, which under the microscope is seen to be made
up chiefly of minute, deep red prisms. These crystals are so

* Chem. Soc. Quart. Journ., vii, 22. f Jahresbericht, 1865, p. 295.
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very unstable that we could obtain but a very small quantity

of them, and in a somewhat impure condition. They yielded

48-31 per cent of gold, whereas the salt KAu(CSeN)
2 , analo-

gous to the potassio-aurous sulphocyanate of Cleve, should con-

tain but 43 -

94. As the new salt was prepared by a method
precisely similar to that which gave Cleve his sulphocyanate,

there can be little doubt that we had to deal with the corres-

ponding seleniocyanate, mixed with free gold. If we had been

able to command larger quantities of material, we might have

been able to prepare the compound in a state more nearly

approaching purity.

No seleniocyanate resembling Roesler's potassium chromo-

sulphocyanate, K
6
Cr(CSN) 12 , 8H

2
0* could be obtained.

When aqueous solutions of chrome alum and potassium selenio-

cyanate are mixed, selenium is precipitated, and no trace of any
double salt seems to be formed.

VIIL On the Electrolytic estimation of Mercury.

In 1865, Wolcott Gibbs published his well known method
for the electrolytic estimation of copper.f More recently,

Merrick has shown that a modification of the same process is

applicable to nickel and to zinc4
Having occasion recently to make a number of copper deter-

minations by this method, it naturally occurred to me that it

might be extended still farther, especially to the cases of

cadmium and mercury. With cadmium I' was disappointed;

but with mercury, successful. Cadmium may indeed be com-

pletely precipitated by electrolysis from an ammoniacal solution,

but it comes down in a spongy, porous form, enclosing various

impurities which cannot be readily washed out. Accordingly
the results came out several per cent too high. The mercury,

however, gave results in every respect satisfactory.

A solution of mercuric chloride, slightly acidulated with

sulphuric acid, was placed in a platinum dish connected with

the zinc pole of a six-cell Bunsen's bichromate battery. The
wire from the carbon pole terminated in a thin slip of platinum
foil, which dipped into the solution. At first, mercurous
chloride was precipitated, but this by degrees was reduced to

the metallic state, so that after an hour or so there remained in

the dish a clean mass of mercury, covered by a solution in

which ammonia failed to produce the slightest turbidity. When
I poured off this clear acid solution the mercury became cov-

ered with a thin tarnished film, which at first annoyed me con-

siderably. I soon found, however, that this annoyance could

be avoided very easily. I simply drew off the solution from

* Journ. fur Prakt. Chem., cii, 316. f This Journ. xxxix, 64.

% American Chemist, October, 1871 ; Chem. News, rriy, 100, 172.
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above the mercury
T

clean water; doing
platinum dish from the battery. Then, upon decanting the
very feebly acid supernatant liquid, the metal remained per-
fectly bright and clean. It was only necessary after this to
rinse thoroughly with pure water, then with alcohol, and lastly

with ether, and to dry under the receiver of an air-pump. Two
determinations made with mercuric chloride gave respectively
73-76 and 73-85 per cent of mercury. Theory 73-80. There
are no difficulties in the process, and no appreciable sources of
error. Although I have made actual determinations of mer-
cury only with the chloride, I have tested other salts of the
metal and have found that the precipitation is similarly perfect.
In one instance I employed a solution of mercury containing a
heavy precipitate of basic sulphate. This precipitate was
readily and completely decomposed by the electric current, so
that ultimately nothing but metallic mercury remained visible
in the solution. In every case, mercurous compounds appear to

be thrown down first, so that their final disappearance furnishes
a sharp end reaction to indicate when the operation is complete.

IX. Some /Specific Gravity Determinations.

The following specific gravity determinations represent work
done by my students and myself during the school year 1877-
1878. Those portions of the work which were entrusted to

students were carried out under my immediate supervision, and
every precaution was taken to ensure a fair degree of accuracy.
The salts were all weighed in benzol, and the figures refer to

water at its temperature of maximum density as unity.

To Mr. W. H. Creighton and Mr. E. F. Wittmann I assigned
mercuric cyanide and some of its double compounds. For the
cyanide itself, HgCy 3 , we found a sp. gr. of 4*0262 at 12°,

Creighton
; 4'0026 at 22"2, Wittmann ; and 4-0036, 14°-2, F. W.

Clarke.*

For the oxy-cyanide, HgCy a HgO, Mr. Creighton found 4*437
at 19°-2, and I myself, in two determinations, 4428 and 4419
at 23°

-2.

For the double salt HgCy 2
HgCl 2 , Mr. Wittmann obtained

the values 4-531, 21°
-7, and 4-514, 26°.

For the double cyanide of mercury and potassium we
have, from experiments made by Mr. Creighton, 2-4470, 21°'2;

24620, 21°-5; and 24551, 24°. This salt is the well known
2KCy.HgCy

2 .

10 bromide, prepared by Mr. Miles Beamer, gave
5'7461, 18°, and 5-7298, 16°.f

r HgCy* the value 3-77, »\



202 F. W. Clarke—Specific Gravity Determinations.

The double bromide of mercury and potassium was also pre-

pared and examined bv Mr. Beamer, both in the hydrated and

the anhydrous state. For the salt HgBr 2 , KBr, he found 4412,
17°*2; 4419, 24° -5; 4*3996, 20°*5. For the hydrated salt,

HgBr 2
. KBr. H 2 0, as a mean of six concordant determinations

taken between 20° and 24°, he found a sp. gr. of 3*867. The
potassium bromide used in these preparations gave a sp. gr. of

2-712, 12°-7 *

Mr. Beamer also redetermined the specific gravity of the

curious double salt (NH
4 ) 2

Cr 2 7
.HgCl 3 . H 3 0, finding it to

be 3-329, 21°.

Mercuric iodide and a couple of double salts were determined

by Miss Mary E. Owens. For Hgl 3 , the mean of seven experi-

ments between 10° and 19°, is 6-231.f
For the double iodide, 2(KI.HgI 3 ) . 3H 2 0, the sp. gr. is

4-289, 23° -5; and 4-254, 22°.

For the iodide of mercury and tetramethylammonium,
N(CH

3 ) 4
I.HgI

3 , were found 'the values 3-968, 24°; 3*976,

23°-5; 3-971,24°; 4-003, 23°-2. The iodide of tetramethyl-

ammonium itself, well crystallized, was found by Miss Owens
to have a sp. gr. of 1-827, 17° ; and 1-832, 19°-5.

Cadmium chloride and some of its double compounds were

examined by Mr. Walter Knight.
The anhydrous chloride, CdCl 3 ,

gave as a mean of three

determinations the value 3-938, 23°4 The hydrated salt,

CdCl 2 .2H 2 0, gave a sp. gr. of 3'339, 18°-2; 3"320, 23°-2;

3-314, 23° -6.

The double chloride of cadmium and strontium, 2CdCl 3
.

SrCl 3 . 7H
2 0, in fine crystals; as a mean of three experiments,

was found to have a sp. gr. of 2-718 at 24°.

And the barium salt, CdCl 2 . BaCl 2 . 4H 3 0, gave the values

2-952, 24°-5
; and 2*966, 25°-2.§

Several salts of acids belonging in the xanthic acid series

were prepared by students under the direction of Professor

K. B. Warder ; and of these, three well crystallized examples
had their specific gravity determined.

Potassium methyldisulphocarbonate, K.CH
3
.COS 3 ,

pre-

pared by Mr. E. P. Bishop, has a sp. gr. of 1*7002 and 1-6754

Potassium ethyldisulphocarbonate was determined by Miss
Helena Stallo and by Dr. J. P. Geppert Miss Stallo found the

sp. gr. to be 1-5564, 18° -2 ; and 1*5576, 21°*5. Dr. Geppert's

determination gave 1*558, 21°.

* Schroder's mean value for this salt is 2-690. Pogg. Ann., 1859.

f Filhol. Ann. d. Chim. et Phys. Ill, xxi, 1S47, gives 6-250.

i Bodeker gives a sp. gr sb., 1860.

§ Topsoe, Chem. Centralblatt, iv, 76, found 2-968.
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Potassium isobutyldisulphocarbonate, also determined by
Miss Stallo, has a specific gravity of 1-3713, 15°; and 1*8882,
14° -5.

A particularly interesting series of observations was made
by Miss Stallo upon the formates and acetates of cobalt and
nickel. I am unable to find any adequate account of these

salts beyond the mere fact that they form crystalline crusts.

Even the water of crystallization in them seems hitherto not to

have been determined. Miss Stallo prepared these compounds
by dissolving the carbonates of the metals in the respective

! mated the water contained in them, and determined
the density. The formates of cobalt and nickel crystallize

with two molecules, and the acetates with four molecules of

water. The sp. grs. are as follows :

Cobalt formate, 2*1*86, 22°; 2-1080, 20°-2.

Nickel " 2-1547, 20°-2.

Cobalt acetate, 1-7031, 15°-7; 1-7043, 18°*7.

Nickel " 1-7443, 15°-7; 1-7346, 17°'2.

Miss Stallo also prepared, with a view to future description,

the cobalt and nickel salts of monochloracetic and tricbl

acids. These salts are readily crystallizable, and seem likely

to be interesting. Cobalt valerate, which Mr. J. L. Davis
attempted to prepare, was obtained by him only as a red,

gummy mass, of a very unsatisfactory character.

Another series of experiments having a certain theoretical

interest, relates to some salts analogous to the sulphovinates.

The data obtained are as follows

:

Barium methylsulphate, Ba(CH
3 ) a (S0 4 ) 3 • 2H 2 0, 2'273,

19°-2; and 2-279, 21°*2, determined by Dr. Geppert

Barium ethylsulphate, 2-080, 21°-7; 2-0714, 22°-6; Dr. Geppert.

ropylsulphate, 1-839, 20°-5; 1'844, 20°-5 ; Dr. Geppert.
Barium isobutylsulphate, 1-778, 21°*2; 1-743, 24°-2; Mr. W. H.

SchuermW
Barium amylsulphate ; 1-623, 21°-2; 1-632, 22°; Mr. John Wbet-

If now, we calculate the molecular volumes of these salts, we
shall find them separated by approximately equal differences.

If we assume these differences to be really equal, and distribute
the experimental error among the several salts, we can get the

following interesting series of theoretical values.

Methylsulphate, molec. vol. 176, calc. sp. gr. 2-244.

Ethylsulphate, M " 209, " " 2-024.

Propylsulphate, " " 242, " " 1'863.

Isobutylsulphate, " " 275, " " 1*780.

Amylsulphate, " " 308, " " 1"646.
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tee which holds in a great many series of compounds.
This difference may also be made out, within narrow limits of

approximation, in the series of sulphocarbonates previously

given. Here, for example, we have, very nearly,

Methyl salt, molec. vol. 88, calc. sp. gr. 1*658.

Ethyl " " " 104-5, calc. sp. gr. 1-531.

Isobutyl" " " 137-5, " " 1*367.

It will be seen that all these calculated specific gravities

agree closely with those actually found ; and that, curiously

enough, the molecular volumes thus assumed are exact multi-

ples by whole numbers of Kopp's well known value for hydro-

gen, 5'5. Are these regularities mere coincidences, or do they

indicate the existence of some general law ?

I may give, in conclusion, a few determinations of specific

gravity made by myself.

Potassium chloroplatinite, PtCl
3 . 2KC1, 3*2909, 21°; and

3-3056, 20°-3.

Telluric acid, crystallized, H
a
Te0

4
.2H

2 0, 2-9999, 25°-5;

and 2-9649, 26°-5 *

Telluric acid, H
3Te0 4 , 3425, 18°-8; 3458, 19°\L; 3440,

Ammonium tellurate, (NH
4 ) 3Te0 4 , 3'024, 24°-5; 3-012, 25°.

Thallium tellurate. For this compound, hitherto undescribed,

I can give only a few preliminary facts. By a series of

my material became exhausted, so that I was unable to complete

the investigation of the substances obtained. Metallic thallium

is not attacked even by a boiling solution of telluric acid.

When, however, a solution of ammonium tellurate is added to

one of thallium nitrate, a heavy white precipitate falls, some-

what resembling silver chloride. This precipitate, dried at 100°,

has a sp. gr. of 5 687, 22°
; and 5'712, 20°. Heated to about

180° it turns to a pale straw-yellow color, and loses 146 per

cent of water. The specific gravity of this yellow salt is

6-742, 16°; 6-760, 17°-5. Heated to redness, the thallium

tellurate fuses, and is reduced to tellurite. This, when hot, is

almost black ; but solidifies on cooling, to a clear lemon-yellow
glass. The exact composition of these salts remains to be
determined, and I hope to return to them at some future time.

* Oppenheim, Jahresbericht, x, 213, gives 2-340.
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Art. XX.— Notice of recent ad-' m Fauna of
the eastern coast of North America ; by A. E. Verrill. Brief
Contributions to Zoologyfrom the Museum of Yale College. No.
XXXVIII.

During the summer of 1877, extensive explorations were
made by the U. S. Fish Commission in the IJ. S. Steamer
"Speedwell," Commander Kellogg, in Massachusetts Bay; in
the Gulf of Maine; off Nova Scotia; and in the vicinity of Hal-
ifax. The dredging and trawling were very successful, and a

large and valuable collection was secured, both of fishes and
invertebrata, including, in all classes, many European and
Greenlandic forms not before obtained on the American coast.
As in previous years the invertebrate collections and the direc-
tion of the dredging were in charge of the writer, who was
specially assisted by Mr. E. B. Wilson, while Messrs. G. Brown

! T. H. Bean were in charge of the fishes. Having
hitherto been unable to publish any account of these explora-
tions, a few of the more interesting species are noticed below,
together with others from different sources.

Mollusca.

Architeuthis megaptera Verrill, sp. nov.

Much smaller than the previously known species, the total

length of the body and head being but nineteen inches. Body
relatively short and thick. Caudal fin more than twice as broad
as long, the length about half that of the body. Its form is

nearly rhombic, with the lateral angles produced and rounded,
and the posterior angle very obtuse, the posterior edge, as pre-

served, being slightly concave. The ventral anterior edge of
the mantle is concave centrally, with a slight angle to either
side, about -75 inch from the center; from these angles it is

again concave to the sides ; on the dorsal side the edge advances
farther forward than g in a slightly prom-
inent obtuse angle in the middle of the dorsal edge. The eye-
sockets are large, oblong, and furnished with distinct lid-like

margins; the eyes are large, oblong, and naked. The short
arms are triquetral, the upper ones somewhat shorter and smaller
than the ot arly equal in length, the second
Pair being stouter than the rest, and a little longer. The ten-
tacular arms are slender, elongated, expanded toward the tip,

and have suckers arranged much as in the gigantic species, even
to the smooth-edged suckers and opposing tubercles, proximal to
the large suckers, as I have formerly described them in A.
THonachus. The sucker-bearing portion is margined by a mem-
brane on each side.
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Larger suckers of sessile arms, very oblique, with the rim

stroDg, dark brown, bearing large, strong, sharp, much incurved,

unequal teeth on the outer side of the rim ; the inner margin

is entire. On the middle or larger suckers of the vent

there are seven large teeth, the middle one longest, while to

either side there is one nearly as large, with a smaller one each

side of it.

Total length, 43 inches ; length of body and head, 19 ; length

of body from dorsal edge of mantle, 14 ; from ventral edge,

13 ; of head from edge of mantle to base of arms, 5 ; length of

long tentacular arms, 22 and 24 inches respectively ; of first

(dorsal) pair of arms, 6 "5
; of second pair, 8 ; of third pair, 8'5

;

of fourth pair, 8 ; length of caudal fin, 6 ; breadth, 13 -o ; breadth

across body, 5 ; circumference of body, 12*5 ; length of eye-

socket, 1-25
; its breadth, -75

; length of sucker-bearing portion

of tentacular arms, §~

breadth, "75
; length c

or peduncular portion, "33 to '50; breadth of dorsal arms at

base, -75
; of second pair, 1*12 ; of third pair, 1 ; of fourth pair,

1 ; diameter of largest tentacular suckers, "36 to "40 ; of their

rims, -28 to -32 ; diameter of largest suckers of ventral arms,

•40 ; of their rims, -28 to '32 of an inch.

Color, reddish brown speckled with darker brown, much as

in the common small squids.

This unique specimen was cast ashore, during a severe gale,

near Cape Sable, N. S., several years ago, and was secured for

the Provincial Museum at Halifax by J. Matthew Jones, Esq.

It is preserved entire, in alcohol, and is still in good condition.

Rossia Hyatti Verrill, sp. nov.

Body subcylindrical, usually broader posteriorly, in preserved

specimens, variable in form according to contraction, its dorsal

surface covered with small, conical, scattered, whitish papillae,

which are also found on the upper and lateral surfaces of the

head and base of arms ; those around the eyes largest ; one on
the mantle, in the median line, near the front edge, is elongated.

Front border of mantle sinuous, slightly advancing in the mid-
dle, above. Fins moderately large, nearly semi-circular, attached
from the posterior end for about four-fifths the whole length,

the front end having a small, rounded, free lobe. The distance

from posterior junction of fin to end of body is less than that

from anterior junction to edge of mantle, the center of the fin

being at about the middle of the body. Siphon elongated, con-

ical, with small opening. Head depressed, more than half the

length of the body. Eyes large, the lower eyelid more prom-
inent but not much thickened. Sessile arms short, united at

their bases by a short web, which is absent between the ventral

arms ; the dorsals are shortest ; the third pair the longest and
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largest; the second pair and ventrals about equal in length.
Suckers numerous, subglobular, not very small ; near the base
of the arms they are biserial, there being usually four to six
thus arranged in each row ; then along the rest of the length
of the arms they become more crowded and form about four
rows, those in the two middle rows alternating with those in
the marginal rows ; toward the tip they become very small and
crowded, especially on the dorsal and ventral arms. The num-
ber of suckers varies with age, but on one of the larger speci-

mens they were as follows : on each dorsal arm, sixty ; on one
of second pair, fifty-five; of third pair, fifty-three; of ventral,

sixty-five. In this specimen the third arm of the right side and
ventral arm of left side were abruptly terminated (perhaps acci-

dentally), while the others were tapered to acute points. Ten-
tacular arms, in preserved specimens, will extend back to

posterior end of body, the naked portion smooth, somewhat
triquetral, with the outer side convex and the angles rounded

;

|
iortion rather abruptly widening, long ovate-lanceolate,

curved and gradually tapering to the tip, the sucker- bearing
portion bordered by a wide membrane on the upper and a nar-
row one on the lower margin ; the suckers are very small, sub-
globular, crowded in about eight to ten rows in the widest
portion.

Color, pinkish, thickly spotted with purplish brown above,
paler and more sparsely spotted beneath and on outside of long
arms; inner surface of arms and front edge of mantle pale.

Length from base of arms to posterior end, 40mm ;
of body,

25 ; of head, 15 ; breadth of body, 17 ; of head, 17 ; length of
fios, 15 : of insertion, 11 ; breadth of fin, 8 ; front of fin to edge
of mantle, 5 ; length of free portion of dorsal arms, 12 '5 ; of sec-

ond pair, 15; of third pair, 18; of ventrals, 13; of tentacular
arms, 40 ; breadth of dorsal arms, at base, 3 5; of second pair,

8*6; of third pair, 4; of ventrals, 3-5; of tentacular arms, at

base, 2 ; at expanded portion, 35 ; length of latter, 10"5
;
diam-

eter of largest suckers of sessile arms. 0*9
;
length of free portion

of siphon, 7mm.

Massachusetts Bay, in fifty fathoms, mud; off Cape Sable,
N

- S., eighty-eight to ninety-two fathoms, on hard sandy bot-
tom

; off' Halifax, fifty-seven to one hundred fathoms, on com-
pact sandy mud, in September, with eggs. Frequently asso-
ciated with Octopus Bairdii V , and the following species.

Rossia mblasvis Verrill, sp. nov.

Larger and relatively stouter than the preceding species, with
|Qe fins larger and placed farther forward, the front edge of the
arge free lobe reaching nearly to the edge of the mantle. Head
|arge and broad. Sessile arms more slender and less unequal
J n size than in the preceding, and with the suckers arranged in



210 A. K Verrill—Marine Fauna of North America.

two regular rows throughout the whole length. Anterior edge

of mantle scarcely sinuous, advancing but little dorsally. Upper
surface of the body and head nearly smooth, but in the larger

specimens usually with a few very small whitish papillae, most
numerous near the front edge of the mantle. Color nearly as

in the preceding species.

One of the largest specimens measures, from base of arms to

end of bodv, 46mm ; length of body, 31 ; of head, 15 ; breadth

of body, 22"; of head, 23 ; length of fins, 20 ; of their insertion,

16 : breadth of fins, 10 ; front edge of fin to edge of mantle, 2 '5

;

length of free portion of dorsal arms, 16 ; of second pair, 17 ;
of

third pair, 20 ; of ventrals, 15 ; of tentacular arms, 25 ; breadth

of dorsal arms at base, 3; of second pair, 3; of third, 3*5;
~*

ntrals, 3*5; of tentacular arms, 35; of their terminal portion,
' ngth, 10 ; diameter of largest suckers of sessile arms,

length of free portion of sipho
Taken with the preceding species, and is the more common of

the two, in Massachusetts Bay. The differences may prove to

be only sexual, but this cannot be determined without a larger

number of specimens.

Octopus granulatus Lamarck ; D'Orbigny.

A specimen, believed to belong to this species, and similar

to those taken at Cape Hatteras, was collected in the spring of

1877, in Vineyard Sound, Mass., by Mr. Yinal K Edwards.

Buccinum tenue Gray; Stimpson, Review of Northern Bucci-

nums, Can. Naturalist, auth. copy, p. 14.

Buccinum scalariforme Beck; Dawson; Packard.

Dredged alive, in considerable numbers, in 1877, off Cape

Sable, N. S., in 88 to 92 fathoms, on a bottom of fine compact
sand. The specimens all belong to a small form of the species.

It had not been found so far south previously.

Buccinum cyaneum Brug. ; Stimpson, loc. cit., p. 19.

Buccinum hydrophxinum Hancock ; Reeve.

The smaller form of this species was taken with the last,

living, and in about equal abundance. It has hitherto been

regarded as eminently arctic. We have recently received

additional specimens, taken in 200 fathoms, off Sable I., by the

schooner Lizzie K. Clark.

Mptunea propinqua (Fums propinquua Alder).

A number of fine living specimens of this were taken with

the two preceding species. They have been identified by Mr.

W. H. Dall, by direct comparison with European specimens,
with which they agree perfectly. This species can be distin-

guished at once from the far more common N. Stimpsoni (Morcb,
sp., 1868, teste Dall = Fusus Islandicus Gould, and F. curtus

Jereys) by its shorter form and hairy epidermis.
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Triopa lacer Loven.

This interesting addil

dredged i *
""

40 to 50 fathoms ; and off Nova Scotia, in 80 to 100 fathoms.

Scyllosa Edwardsii Verrill, sp. nov.

A large species, the body in extension nearly three inches
long and half an inch high, with the four dorsal branchiferous
lobes about equaling in height, or exceeding, the elevation of

the body. Foot very narrow. Tentacular sheaths stout,

expanding at the end into a large, flat, rounded lobe, most
prominent posteriorly ; the small, plicated tentacle projecting
from a funnel-shaped orifice in its outer anterior margin.
Branchiferous lobes expanding into a broad, thin, spatulate, or

paddle-shaped, terminal portion, narrower and thicker toward
the base, the margins of the thin portions sinuous ; the two
p.'ii's f,tr apart ; their inner surfaces covered with small, trans-

lucent, whitish, arborescently branched gills, which project

beyond their margins ; similar gills are situated along the
back in front of and behind the posterior pair of lobes, and
also on the sides of the caudal lobe, which is broad, elongated,
curved, upward and backward in extension, or concave in out-

unded at summit, and not so high as theposteriorly,

Color of living specimen, sent by Mr. Edwards, rich brown-
ish yellow or orange, irregularly more or less spotted with
deeper orange-brown blotches, and with opaque white specks,

blotches and streaks. A band of deep yellowish brown runs
along each side of the back, interrupted by the dorsal lobes,

and extending up their outer edges ; edges of the dorsal lobes,

tentacular sheaths, and caudal lobe flake-white, which color

also borders the brown band. Along each side of the body
is a row of six or seven small, round, iridescent, purplish
blue spots, and some smaller ones occur on the middle of the
back. Anterior surface of tentacular sheath iridescent bluish.

Along the sides is a row of small white papilla?, and similar

ones extend along the white line of the back. Tentacles
orange, the plications edged with orange-brown, the tips white.

Taken in the autumn of 1877 by Mr. Vinal K Edwards, at

Wood's Holl, Mass., on eel-grass (Zoslera) in the harbor, and
in Vineyard Sound on floating Sargassum. I am also indebted
to Mr. Edwards for a colored drawing of this species, made by
Mr. C. N. Webster, and accompanied by notes describing the

appearance of the specimen when first captured. The speci-

men described above was not very active, though in pretty
good condition, when received.
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Anthozoa.

Keratoisis ornata Verrill, sp. nov.

Corallum tall (over two feet high), spreading, arborescently,

but distantly and irregularly, branched, the branches spreading,

often nearly at right angles, elongated, rather slender, gradually

tapering, giving off, in the same manner, elongated branchlets.

ones and branchlets mostly arise from near the proxi-

mal end of the calcareous joints, but sometimes from the mid-

dle. The calcareous joints are ivory-white, elongated, round,

slightly enlarged at the ends, faintly and often iudistinctly

striated longitudinally, appearing smooth to the naked eye, but

finely granulous under a lens. Chitinous joints golden yellow

or bronze-color, short, scarcely longer than thick in the larger

branches, about twice as long as thick in the smaller ones,

where they become translucent and brownish or amber-color,

without the metallic luster seen in those of the larger branches.

The ccenenchyma and polyp-cells are mostly absent, but so far

as can be ascertained from the small patches remaining, the

ccenenchyma is thin, pale yellowish, and filled with rather

large fusiform spicula ; and the polyp-cells are rather distant,

in the form of somewhat prominent verrucse, strengthened by
rather large projecting spicula.

Height of tallest specimen, 26 inches : breadth, 18 inches

;

length of longest undivided branchlets, 12 to 16 inches ; diam-

eter of calcareous joints of main stem (base absent), '35 inch

(9
mm

) ; of the larger branches, -20 inch (5mn>) ; length of the

calcareous joints in the larger branches, 1'25 to l -95 inches (30

to 48,nm
, but mostly about 40mm) ; diameter in smaller branch-

lets, about -06 inch (l-5ram); length, 75 to 1-25 inches (19 to

32mm) ; length of chitinous joints of larger branches, *10 to '20

inch (2-5 to 5mm).

Two specimens were taken by Mr. Philip Merchant, of the

schooner Marion, off Sable Island, N. S., in about 250 fathoms,

on a trawl line.

This is a large and beautiful species of a group formerly con-

sidered chiefly tropical in habitat. The golden or bronzy
chitinous joints contrast finely with the clear ivory-white
calcareous joints. The genus was founded by Professor E.

Perceval Wright, in 1869, for a species taken in deep water,

off the coast of Portugal.

Acanella JVbrmani Verrill.

Mopsea arbuicula Norman, Proc. Royal Soc., p. 210, 1876 (non Johnson, 1862).

Two fine specimens of this elegant species were obtained by
Mr. Merchant, with the preceding species. A third specimen
was brought in by Mr. M. J. Murphy, from Banquereau, in

the same region. The species was first described by Norman
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from a specimen collected off the coast of Greenland, in 410
fathoms, by the Valorous Expedition, in 1875.

Our specimens are nearly perfect, with the cells and ccenen-
chyma well preserved. They are from seven to eleven inches
high

; and from six to ten broad. They are much branched,
in the form of a dense bush or small shrub, the branches aris-

ing mostly in whorls of three or four, from the chiti

and spreading nearly at right angles ; the secondary branches
'*

\ final branchlets mostly
ehyma is very thin, yell

i

and filled with fusiform spicula, arranged in lines; the

arise in the same way, but the final branchlets mostly
singly, or in pairs. The ccenenchyma is very thir

brown, and filled with fusiform spicula, arranged i

polyp-cells are scattered, very large and prominent, with the base
and distal half expanded, somewhat hour-glass shaped, largest

toward the tips of the branches, and covered with large acute
spicula, which project as spines beyond the margin.
The Mopsea arbusculum Johnson, from Madeira, is a closely

allied species, for which Dr. J. E. Gray, in 1870, constituted
the genus Acanella. It appears, from the figures, to have more
slender branchlets, and polyp-cells of a different form. The
coincidence in the names was, however, entirely accidental.

Fine specimens of Primnoa reseda and Paragorgia arborea are
often taken in the same region from which the preceding species

were obtained, as well as from the depression between St.

George's and Le Have Banks, in 200 to 250 fathoms. One of
the specimens of Paragorgia presented to us is over three feet

high, and some of Primnoa are nearly as tall.

Paramuricea borealis Verrill, sp. nov.

Slender, arborescently much branched, four inches (or more)
in height. Cells scattered, short cylindrical, or verrucose,
with a series of small spicula projecting around the edge, sur-

mounted by eight convergent groups of long, acute spicula,

Ccenenchyma thin, rudely granulous, with irregular rough
spicula. Color, when dried, brownish gray; axis slender,
yellowish.

Grand Banks of Newfoundland, on stone, with Primnoa
reseda. The only specimen seen was sent to me for examina-
tion by Professor A. Hyatt, from the Museum of the Boston
Society of Natural History. It is near P. j^acomus, but is

more slender, with longer cells.

ECHINODERMATA.
Atterina borealis Verrill, sp. nov.

Pentagonal, with a thick swollen body and short thick rays.
Upper surface closely covered with short minute spinules, of
nearly uniform size, arranged in groups of unequal size. Scat-
tered over the surface are many papulae of rather large size,
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and dark purplish brown color, when contracted giving a spotted

small, about
between center and margin. Margin thickened, with

an upper row of slightly prominent plates spinulated like the

back ; below, and forming the edge, is a row of more prominent

plates, their upper and inner portion spinulated like the back,

the spinules increasing in length to the outer edge, where they

are slender, elongated, crowded and divergent. Ventral plates,

covering the triangular interbrachial area, prominent, with une-

qual, slender, acute, divergent spinules, those on the distal edge

longest. Adambulacral plates with two internal acute spines,

forming a longitudinal row, and four or five others in a trans-

verse row on each plate. Color, in alcohol, dull yellow or buff,

with dark brown spots, due to the papulae.

Greater radius, 12mm ; lesser, 7
mm

: elevation at center, 7mm.

Dredged near Cashe's Ledge, Gulf of Maine, in 110 fathoms,

muddv bottom, in 1874, by Dr. A. S. Packard and Mr. Kichard

Rath bun, on the steamer "Bache," (Coll. U. S. Fish Commis-
sion).

Lophaster furcifer Verri 11.

Solaster furcifer Duben and Koren.

Taken in the Gulf of Maine, north of George's Banks, in 150

fathoms, by Dr. Packard and Mr. Caleb Cooke, on the ll Bache,"

in 1872. 'This species differs so widely from Solaster in the

structure of the skeleton, and the small development of the

disk, as to require the establishment of a new genus for this

type. It is specially distinguished by the highly developed

skeleton of the under side ; differentiated marginal plates ;
and

prominently reticulated dorsal plates.

Pedicellmter typicus Sars.

This species was dredged in the Gulf of St Lawrence, in 1872,

by Mr. J. F. Whiteaves, who sent me specimens for examination.

Asterias stellionura Perrier.

This large and remarkable species, previously known only

from Iceland and Greenland, was dredged by our party, on the

steamer Speedwell, in 1877, at several localities off Nova Sco-

large numbers. It was especially abundant off Cape
'

as, fine compact sand ;

, sandy mud, where it

was associated with Astrogoniuir, -via phryg-

tana, Archaster Parelii, Archaster arcticus, Antedon Sarsii, and
many other arctic species.

This species can be distinguished from all others of our coast

by the five, very long, angular arms, with long slender spines,

which are surrounded at base by large dense wreaths of crossed
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riae. In life these clusters of pedicellariae are supported
on soft extensible processes, which project beyond the ends of
the spines of the lower surface, giving it a very peculiar appear-
ance. Some of the specimens were two feet in diameter. The
color was usually bright red above, yellowish below ; some
specimens varied to orange-red, and others to purplish or
brownish red, above.

Ophiacantha anomala G. O. Sars, Videnslc-Selsk. Forhandl., 1871.

A handsome species, having six arms, and of a bright salmon-
color when living. A single specimen was dredged by us in
the Gulf of Maine, 140 miles east of Cape Ann, in 112 fathoms,
sand and gravel, in 1877.
With this was associated another beautiful salmon-colored

species {fAmphiura Otteri Ljung.) with five long slender arms.

glacialii also occurred at the same locality. Both
the latter had, however, been taken by our parties in previous
years.

•"'

by C. H. F. Peters. (From a letter to the Editors, dated
Litchfield Observatory of Hamilton College, Clinton, N. Y.,
July 6, 1878.)

87 + 16°57 31-5' 6 comp.
|- 9 39 32-2 10 "

-12 42 22-5 4 "

Of the comet found by Mr,
July 6, the following

July 7, 12 33 43 17
July 10, 13 5 53 17
July 19, 10 27 58 16
July 23, 9 42 12 16

The approximate parabolic elements herefrom derived are

:

(Epoch) Time of Perihelion passage, July 20-753 Berlin l

n = 279°52'-06 )

Q = 102 15-72 VM. Eq. 1878'0.

Motion : direct.

Much labor would be saved to astronomers, if comet-hurj
like Mr. Swift, would indicate the

]

with a little more accuracy. For o
minutes' error, nothing else is needed but i

with the field of the telescope i

—Third Sebies, Vol. XVI, No. 93.—Sept.,
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lying 1

the Cos

Central Ohio; by L. E.

i in Denison University.

Ik this paper I propose to enumerate and describe the strata

between the Huron Shales (Devonian) and the base of

Coal Measures, and to consider briefly their stratigi

relations. I shall use names derived from localities in Licking

and Delaware Counties—not that I wish to add to the already

profuse nomenclature of this group, but as a matter of neces-

sity until the application of the names proposed by other geol-

ogists has been definitely settled. The section contains five

well defined members, named below in descending order.

5. Licking Shales 100 to 150 feet thick.

4. Black Hand Conglomerate and
Granville Beds. _ 85" 90 "

3. Raccoon Shales 300 M

2. Sunbury Black Slate 10 " 15 "

1. Sunbury Caleiferous Sandrock.. 90 "100 "

The Licking Shales, No. 5, are well developed in the hills

bordering Licking River from Newark to Black Hand. They
lie seventy to eighty feet above the water level, forming the

middle of the slope of these hills, the base being composed of

the massive Black Hand Conglomerate and the upper slopes

and summit of the various strata of the Coal Measures, of

which the Coal Conglomerate and Massillon Sandstone produce
the most conspicuous effects in the landscape. At or near the

top of No. 5 there is usually a stratum of compact, fine-grained,

drab sandstone, which is quarried to some extent, having a

thickness of three to ten feet Below this are friable, earthy,

gray or olive shales ; and at the bottom, comprising about one-

third of the whole, shaly drab sandstones. These, and the

compact sandstone at the top, are fossiliferous. Spmfera Oar-
• ri Avi'culopeden Winchelli, Allorisma pkuropistha, and other

characteristic species of the Ohio Subcarboniferous, have been
obtained from this horizon.

Wherever the Coal Measures Conglomerate exists it forms
the upper limit of the Licking shales, which is then well

defined. In the absence of the Conglomerate the only means
of determining its extent upward is the position of the com-
""*-* sandstone and the presence of Subcarboniferous fossils.

'"ently the sandstone is overlaid by shales differing scarcely

from those below it The lower limit, however, is per-

fectly defined by the upper surface of the next stratum, which
is one of the most distinctive and well-marked of the whole
group.

Frequently t

at all from
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The Black Hand Conglomerate, No. 4, is seen at its best
about Hanover, though the Black Hand locality is better
known, probably because the cliffs at that point are more con-
spicuous to the railway passenger. Only about half its thick-
ness is seen in these cliffs. At Hanover the bottom layers
(which, owing to the eastward dip, are buried out of sight at

Black Hand) come into view and reveal a total thickness of
eighty-five to ninety feet. It is generally a rather fine pud-
ding-stone, the pebbles of the size of peas. Occasionally they
are an inch in diameter, and, in one case, I found a quartzite
bowlder six inches long and three inches thick imbedded in
the sandy matrix. In some places beds many feet thick are
merely coarse sandstone, but the partings are pebbly. The

g color is light yellow or buff; sometimes nearly
white, again brick-red. This stratum is highly ferruginous,
but less so than the Coal Conglomerate, the upper layers of
which are sometimes a siliceous iron ore. It also contains
more earthy matter and less pure silica than the Coal Conglom-
erate. These characters, together with the presence of fossil

nuts (Cardiocarpon, Trigonocarpon, etc.) in the upper, and their

absence, so far as yet observed, in the lower, might serve to

ih these conglomerates if they were in contact, instead
of being separated by the Licking Shales.
No. 4 is evidently a shore deposit, and it exhibits the typi-

cal structure of a sea-beach better than any other rock with
which I am familiar. There is, in the first place, the regular
beach slope of four to ten degrees, which for six miles along
the Licking Eiver is tolerably constant in direction, viz : N.
10° to 45° E. Then there are subordinate lines of oblique
lamination dipping in all directions. These last do not, how-
ever, interfere with quarrying. The rock splits along the
beach slope as if that was 'the dip, and comes out in regular
blocks of any size desired. In durability it is unsurpassed,
while it is not destitute of beauty as a building stone. Its

great value for canal locks, bridge abutments, foundations, etc.,

has long been recognized ; and its capabilities for massive and
elegant superstructures have been shown in the erection of the
cathedral at Columbus.
Like almost all Conglomerates, No. 4 thins and disappears, or

passes into fine sediments when traced far from its typical

exposures. Black Hand is near the east line of Licking
County. The Conglomerate appears in full force for seven or
eight miles, to some distance west of Clay Lick station on the
Baltimore and Ohio Bailroad. Thence through the center of
the county its horizon is occupied by an entirely different set
of beds, of which only one, and that thin, bears any resem-
blance to the rock at Black Hand. These beds are character-
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istic and important enough to merit a full description and a

separate name. They are well exposed at Granville, and we
may for convenience designate them as the Granville beds,

remembering that they are only a local modification of No. 4,

or the next highest member of the Waverly group. Follow-

ing is the section of these beds in descending order:

No. 4d. Coarse sandstone and conglomerate 3 to 18 feet.

" Ac. Fucoid layer 7 " 12 u

" 4b. Compact drab sandstone (argillaceous). 15 " 21 "

" 4a. Shaly " " and shales ... 60 "

The upper member, No. 4c?, thickens and grows coarse and

pebbly eastward, and tapers to a knife-edge westward. Hence
I was at first disposed to regard it alone as the equivalent of

the Black Hand conglomerate, and to suppose that the rest of

the Granville beds dipped under that stratum. But careful

measurements have shown that the bottom of the I

beds near Newark is nearly the same distance below Coal L as

the bottom of the conglomerate at Black Hand ; so that, if the

latter is superimposed upon the former, there must be a sudden
thickening of the whole series to the extent of eighty or ninety

feet. The general regularity of the dip renders this highly

improbable.

The Fucoid laver, No. 4c, is composed of brown, grav, and

blue, earthy shales, filled with the remains of Spirophyton

cauda galli. At some points these plants are so numerous that

the whole rock becomes a tangled mass of sea-weeds. It

weathers black by the oxidation of its manganese. T L upper

half is more friable than the lower, and falls to pieces in being

removed; the workmen in some quarries call it "soapstone."

The lower half, " nigger-head," requires blasting, being quite

compact in the quarry, from which it has to be u stripped" to

get at the next layer, No. 46 ; but it soon falls to pieces under

the action of the elements and lays bare the rich treasures of

its molluscan fauna, which the quarrymen call " bugs" and
"butterflies."

This layer is so well defined and persistent that it furnishes a

reliable means of determining the dip. This has been found to

be on the average twenty-one feet ten inches per mile, nearly due
east. Instead of being uniform, however, this general eastward
slope is broken into small waves, which correspond to the greater

ones in the Appalachian mountain system, both in direction

and in having their western slope steeper than the eastern.
No. 45 is a fine-grained, easily-wrought sandstone, extensively

irk and Granville. The shaly sandstone
below it also thickens in some places into layers^ ail

quarrying, but it is not reliable.
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(

AH the Granville beds are fossiliferous. They have, in fact,

yielded a richer harvest to the paleontologist than any other
member of the Waverly. Not less than seventy-five species,
many of them new to science, have been found in them in a
tolerable state of preservation ; and several more have been
seen, but only in fragments too imperfect for identification or

ion. In the upper layer, No. 4d, the remains of mol-
lusks and crinoids have supplied euough calcareous matter to
convert portions of the rock into an impure limestone. The
carbonate of lime dissolves out on exposure to the weather,
laying a rusty, rotten sandstone full of fossils, but seldom

or entire specimen. In the compact sand-
atone the fossils are fairly preserved, but generally as "casts."
From the Fucoid layer, however, beautifully perfect shells are
obtained with both, valves entire and in position, the matrix
crumbling away on exposure.
The unity of the Granville beds with the Black Hand con-

glomerate, constituting under local modifications a single mem-
ber of the series, appears not only in that they occupy the
same stratigraphical horizon, but that there is unity and har-
mony in their topographical effects. Both combine to produce
the picturesque hilly region extending through the central and
eastern part of Licking County. These effects are intensified

• ur and Black Hand by the Coal Conglomerate, or, in
its absence, the Massillon sandstone, in the upper slopes and
summits of the hills, whose rugged aspect is further heightened
by mural cliffs and by the presence of hemlock, laurel and
other species which usually affect a mountainous habitat
West of Granville the hilly region terminates somewhat
abruptly, only a few comparatively gentle swells beyond r

and sinking into the general level of the
n ' L

country underlaid by the Eaccoon shales.

Thi*

and it. „„
Delaware Counties. An estimate based upon the breadth of
its outcrop and the dip, as ascertained from the Fucoid layer,

makes its thickness three hundred feet It is composed of blue
and gray shales full of concretionary masses of iron ore, which
are, however, mere shells filled with marl or sand. Near the
bottom some layers are massive enough for quarrying. No
animal remains have been observed in it; but there are abund-
ant impressions of two species of sea-weeds, one with square
stem branching at right angles, the other with round stem
branching in the usual manner.
The next stratum, No. 2, as much exceeds the last in interest

- short of it in thickness. It is a black, bituminous
shale containing shells of Lingula and Discina, and spines,
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scales and teeth of fishes. But one outcrop of it is known in

Delaware County, and that was revealed only by a systematic

search of a day and a half. This discovery, which I made in

May, is recorded in the July number of this Journal. An
:h would, I am confident,

ch farther north ; and thus

one at least of the Waverly beds in southern, central and

northern Ohio, would be established beyond a peradventure.

The last member, No. 1, consists of shaly sandstone, com-

pact sandstone (somewhat calcareous) and at the bottom a few

feet of alternate shales and siliceous limestones. The calcare-

ous matter is abundant enough to charge the water percolat-

ing through the rock and form extensive deposits of travertine

on the banks of Rattlesnake and Walnut Creeks. The forest

trees drop their leaves upon the surface of this travertine;

they are caught in the petrifying mass and leave their models

exact to the minutest detail. I have collected many beautiful

specimens of oak, chestnut, maple and beech leaves from this

locality.

The rock which furnishes the material for the travertine is

itself non-fossiliferous, at least as regards the remains of

It contains two species of sea-wc- f
their posi-

tion in the stone, one standing vertical, the other lying flat.

The Portage sandstone of New York has two species which are

distinguished in the same way. They belong, however, to

different horizons, the vertical one being found in the upper

beds only, and thus furnishing a basis of subdivision. In the

Waverly no difference in their vertical distribution has been

observed.

The quarries in the lower Waverly at Sunbury, Delaware
County, furnish an excellent quality and inexhaustible quantity

g and building stone. Ripple marks are so abundant
that thousands of feet of flagging have been sold, every slab of

which would be a good cabinet specimen.
Near the junction of No. 1 with the Huron shale is a stratum

of Calciferous sandroek lying in huge, rough, concretionary— Below this are blue shales interstratified with thin

layers of siliceous limestone, the lowest of which rests directly

upon the surface of the Huron. Here we reach an warn
Devonian stratum, and our task of enumerating and describing
the component members of the Waverly group is completed.

It remains to discuss the stratigraphical relations and names
of the beds described above, which is bv no means the easiest

part of my undertaking.
Let us first inquire what is the relation of the several mem-

bers constituting the Wave iy in renrral Ohio to those in Dr.

Newberry's section at Cleveland, which is as follows

:
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sfas
Shale, 150 to 250 feet thick, 1

Bedford Shale, 75 " ^Waverly Group.
*. Cleveland Shale, 21 to 60 "

Erie Shale (Chemung),
J

The Cleveland Shale has been assumed by the Ohio geologists
to be equivalent to the Waverly Black' Slate, which is un-
doubtedly the same as that at Sunbury (Newberry, Ohio Eeports,
vol. ii, p. 98. Orton, ibid., p. 624). At the time I discovered
the outcrop at Sunbury I supposed there was no doubt of the
correctness of this assumption. Now, however, Dr. Newberry
asserts positively that there is no evidence that they are identi-

cal. Until further explorations are made north of Delaware
County, we shall therefore have to be content with hypotheti-
cal statements respecting the relation of Waverly beds in cen-
tral and northern Ohio. For instance, if the Sunbury black
slate is identical with the Cleveland shale, then the Sunbury
Calciferous sandrock is equivalent to the Erie shale, and the
three upper members in Licking County are collectively equiv-
alent to Bedford, Berea and Cuyahoga, though it would not be
safe to asa that Bedford= Raccoon, Berea

=

Black Hand and Cuyahoga=Licking. Again, if Professor N.
H. Winchell was correct in pronouncing the Sunbury quarry
stone Berea grit, then the Cuyahoga shales alone represent all

the four upper members in central Ohio, and the Chocolate shale

described by President ting the upper part of
the Huron may be of the same age as the Bedford shales, as they
were supposed to be by Dr. Newberry. But such conditional

statements are hardly worth the utterance. In the present state

of our knowledge the problem of exactly synchronizing any of

the subdivisions of the Waverly seems to be insoluble.

A more important problem is that which pertains to the
general synchronism of the whole group: Is it Carboniferous?
or Devonian ? or partly one and partly the other ?

It is no new thing for the intervening strata between two
great formations to be the subject of much discussion before
their true relations are settled ; or, if not settled, at least let alone,

tbe advocates of opposite theories either dying off or tacitly

agreeing to disagree. If the question proves incapable of solu-
tion there are several ways of dodging it. One mode of doing
this is to call the disputed strata " beds of passage." This is

not, however, eminently satisfying and calming to a logical

mind. The same may be said of that other expedient of enu-
merating the members acknowledged to belong to each forma-
tion, and then placing the bone of contention in an ambiguous
position half way between, as is often done with the Oriskany
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sandstone. Still another plan is to compound the names of

the underlying and overlying foi ply the com-

pound to the disputed rocks, as in the case of the Cambro-
(xreat Britain, a term which recalls the long and hot

-Murchison controversy. After all, though, these

expedients are in some measure philosophical and re.

though not strictly logical. Logic is in fact more rigid than

nature. She demands clean-cut divisions, hard-and-fast lines of

separation, in the classificatory sciences. But it is a melancholy

fact for logic-choppers that nature is not rigidly logical

Whether in geology, biology, or what you will, the facts and

objects of nature refuse to yield to the systematist group which

are, in all cases, sharply denned. Thus room is always left for

differences of opinion in regard to the propriety of this or that

issed here or there. All we ought to demand, there-

fore, of the systematist, is that he shall not run counter to the

plain and emphatic deliverances of nature herself; and where

the evidences are nicely balanced we may well concede to him
some degree of arbitrary power in the construction of his

groups. The convenience of having some classification may
make it expedient to accept his work, though, at certain points,

logical considerations have driven him to draw shar

than exist in nature. If we approach this problem bearing

these considerations in mind, we shall be more likely to view

it broadly and judicially.

The Waverly was long regarded as Devonian. When the

present Geological Survey of Ohio was organized, one of the

first announcements made by its chief, Dr. Newberry, was tf*«*

the Waverly was Carboniferous. This decision covered only

what we may conveniently call the Cuyahoga sub-group, i. e.,

Cuyahoga shales, Berea grit, Bedford shales, and Cleveland

shales. That part of the Waverly which is probably equiva-

lent to the Erie shales would still fall to the Devonian if Erie

is Devonian ; and that was tacitly admitted by the chief geolo-

gist, though he now claims that he placed it there out of defer-

ence to the prevalent classification, all the while believing that

the true boundary of the Carboniferous was at the base of the

Erie in Ohio and" of the Portage sandstone in New York. His

statements in the first volume of the Ohio Eeports, p. 166, and
vol. ii, p. 82, justify this claim and exonerate him from the

charge of reversing his own decision in affirming, as he now
does, that the whole of the Waverlv, the Erie, the Portage, the

Chemung and the Catskill are Carboniferous.
While it may be true that this is no real change, though it

is an apparent one, in Dr. Newberry's opinions, it is

great and radical change in the classification of Amen
and the reasons for it merit our c!< >.--t >.-rutin v. These alleged
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reasons are : 1st. A physical break at the close of the Hamilton,
the previous movement of elevation being then reversed and a
new cycle of deposition begun which culminated in the deposi-
tion of the Subcarboniferous Limestone. 2d. "A change of
fauna

: the fossils of the Chemung and Upper Portage, that is

Erie, show great development of the Productus family, and
other fossils of Carboniferous type."*
A physical break of some magnitude and a marked change

of fauna are certainly the two things, and the only two, upon
which to base the boundaries of formations. But the break
here appealed to is only one of a number of such changes, and
of no greater magnitude than some others in the same series.

For instance, at the close of the Chemung a large area in central
and western New York was raised above the sea-level, not
again to be submerged, thus checking and reversing the subsi-
dence which began with the Portage. Dana states the nature
of the transition from the closing period of the Devonian to the
opening of the Carboniferous as follows :

" The former was a
period in which the grand Appalachian subsidence (as in other
parts of the Devonian) reached north into the State of New
York, while in the latter it hardly passed the limits of Penn-
sylvania. The former was characterized by dry land, over a

'ion of the great Interior Continental basin ; the latter,

by a wide-spread and clear, though not deep, sea, growing
and forming limestones." (Manual of Geology, p.

281.) In t; . ,,f j
hvsie;i] e editions is indi-

>r in importance, to

the physical break at the close of the Hamilton period.

As regards the change of fauna it was not general enough to
be of commanding importance. The Carboniferous aspect of

Chemung fossils is confined to those from western New York
- tvania. Those from the eastern part of both these

trough- Devonian in their prevailing types. Still

higher than the Chemung is the Old Ked Sandstone containing
both a fauna and flora which have respectable claims to be
regarded as Devonian.

I freely admit tint there is no hard-and-fast line of separation
between the Car! , ,,;., ,,, ,„ ;

. ,1 Devonian. Fix the boundary
where you will, there will be room for caviling and dissent.

The English geologists have even proposed to wipe out the
Devonian as an independent formation, giving its components
to the Carboniferous and Silurian. It is to be hoped that will

never be done, for it would open the door to endless contro-
versies respecting the new boundary. When we remember
that all classification must be somewhat arbitrary; that the

logical rhythm of any system often demands the t
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certain distinctions, so that their apparent value in the scheme
exceeds their absolute value in nature ; that names and groups
are, in some degree, matters of usage, of comity, and of con-

venience, we may well pause before we precipitate the incon-

veniences of unsettling a long established and generally received

u m, especially if our substitute only accentuates

another set of distinctions of no greater absolute value than

the former. Unless there is a decided preponderance of evi-

dence in favor of the new, the old is entitled to prevail by right

of priority and possession.

Professor Lesley's identification of the Bedford shale with

the Old Eed Sandstone, and Cleveland shale with Oil Sands
and Chemung, thus dividing the Cuyahoga group in the middle

and giving its two lower members to the Devonian, seems to

me to lack sufficient grounds to justify it. In his note on the
" Comparative Geology of Northern Ohio, Northwestern Penn-

sylvaoia, and Western New York" (2d Geological Survey of

Pa., 1874, i,) where this opinion is announced, no distinct 'line

of argument in its behalf is indicated. The local red color of

the Bedford is of such small significance that I cannot believe

that had any weight in the mind of so experienced a geologist.

The Cuyahoga, Berea, Bedford and Cleveland, including the

few feet of limestone under the latter, constitute a compact and

natural group, holding substantially the same fauna throughout.

I hope to show this more in detail in a subsequent paper on the

; i-tribution of the fossils of this group. Then again, the

fossils of the Cleveland shale, at the bottom of the series, are of

decidedly Carboniferous types. These facts constitute a suffi-

cient reason for retaining the Cuyahoga sub-group in the Carbon-

iferous, whatever may be done with the rest of the Waverly.

Art. XXIEL—On some Primordial Fossils from Southeastern

Newfoundland; by J. F. Whitbaves, Paleontologist to the

Geological Survey of Canada.

During the summer of 1874, Mr. T. C. Weston, of the Cana-

dian Geological corps, spent a few days in collecting P
ea and neighborhood of St Mary's, Trinity

and Conception Bays, Newfoundland, on behalf of Mr. A.
Murray, Director of the Geological Survey of that Island.

Most of the specimens obtained have been described and figured

by Mr. Billings in the first part of the second volume of his

" Palaeozoic Fossils " of Canada, but a few remain of which no
account has yet been published and which appear to be of

sufficient interest to deserve a short notice.
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The majority are from the banks of Manuel's Brook, a small
stream which is not indicated in most maps of the island, but
which runs into Conception Bav, on its eastern side, not far
from Topsail Head. In Mr. Murray's Eeport of the Geological
Survey of Newfoundland for 1868, the following paragraphs
occur. u On Manuel's Brook a very coarse conglo

strong and moderately regular beds, resting directly

upon xne syenitic gneiss of the valley above, dipping to the
north at an angle of 15°, and forming a picturesque fall about

hundred and fifty yards below the bridge on the
Road." (p. 23.) "About four hundred yards below the bridge
the conglomerate is overlaid conformably by a set of: da
or blackish shales, with a very fine lamination coinciding with
the bedding, which, with some hard calcareous beds interstrat-

ified, hold the banks of the brook until within a ehori
of its exit into the Bay." (p. 24.) In the same report the thick-

ness of these conglomerates is estimated at fifty feet and that of
the shales at two hundred and fifty, (p. 27.) Sir W. E. Logan,
in 1866, expressed the opinion that the slates of St. John, New-
foundland, probably belong to the same horizon as the Acadian
or St. John's Group of St. John, N. B., and although little or no
paleontological evidence of a satisfactory character had been
obtained on the point, it has been supposed by Mr. Murray and
others, that the shales of Manuel's River are of similar age.

The correctness of the latter view is however fully borne out
by the fossils collected by Mr. Weston, which are as follows.

1. Agnoslus Acadicus Hartt. Not unfrequent, but usually a
little larger than the types from St. John, N. B.

2. Agnostus (sp. undt.). A single head, apparently distinct

from the preceding and perhaps new.
8. Microdiscus punctatus Salter. Abundant. This interest-

ing species, whicn i!>ed from the Lower
3, and which Mr. Salter thought

might be " the fry of some larger trilobite," was first detected
in the Primordial slates of St. John, N. B., by the late Mr. E.
Billings. It has since been observed in rocks of the same age
on the Kennebecasis River, N. B., where it was collected by-

Mr. G. F. Matthew. M. f
,u„. htt-> i- - 1 to have an " enormous

nuchal spine," but, judging by Mr. Salter's figures, there is no
spinous process on either of "the postero-lateral angles of the
head

; the number of rings on the axis of the tail also is stated
to be seven.

4. Microdiscus Dawsoni Hartt One perfect and well pre-

served head. Very similar in sculpture to the preceding. The
two forms occur togel cea of rock from New-
foundland and New Brunswick and are very likely only differ-

ent states of preservation of the same species. According to
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Mr. Hartt the posterior angles of the cephalic shield of M.
Dawsoni bear "backward projecting spines," the glabella is

described as "conical and pointed behind " but not spinous,

and the middle lobe or axis of the tail as divided into six seg-

ments. The figure of the head of this trilobite, in the " Acadian
Geology," is defective and does not show the lateral spines.

5. Conocephalites tener Hartt. Two beads of this easily recog-

nized and well characterized form.

6. Conocephalites Baileyi Hartt. A single head, with an un-

usually small glabella.

7. Conocephalites Orestes? Hartt. Abundant, but badly pre-

served and hence the doubt as to the correct identification of

the species. The facial sutures of Nos. 5, 6 and 7 being un-

known their generic position is of course uncertain.

8. Paradoxides (sp. undt). Fragments only.

Nos. 1, 3, 4, 5, 6 and possibly 7 are common to the Primordial

slates of St. John, N. B., and to the shales of Manuel's Brook.

The shales of Kelly's Island, in Conception Bay, hold quan-

tities of a v b appears to be undescribed and

which may be briefly characterized thus

:

Lingula Billingsiana, n. sp. Shell small, very slightly con-

vex, compressed at the sides: outline elliptic ovate, narrowest

behind: length nearly twice the width: margin of the valves

widening convexly and gradually from the beaks to the center,

or a little beyond it: front narrowly and evenly rounded.

lines. Internal markings unknown. Length, about two lines

If: width one line and a half.

This little shell, which may be the young of some larger spe-

cies, is somewhat similar in shape and size to the Lingvo

of Sowerby, from the Upper Ludlow rocks of Great Britain.

The two shells, however, belong to very different geological

horizons, and besides this, L. Billingsiana is much narrower
v than L. minima and not nearly so square in front.

From Mr. Murray's report already quoted it would appear
that the shah s of Kelly's Maud are not quite so old as those

of Manuel's Brook, but that they are older than the Menevian
sandstones of Great Bell Island.
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As I have recently been giving attention to the subject of

solar spectroscopy in consequence of my discovery of oxygen in

the sun, it seemed to be desirable to take advantage of the total

eclipse of July 29th, to gain as precise an idea as possible of the

nature of the corona, because the study of that envelope has
been regarded as impossible at other times. The main point to

ascertain was whether the corona was an incandescent gas shin-

ing by its own light, or whether it shone by reflected sunlight.

For this purpose I organized an expedition, and was fortun-

ate enough to secure the cooperation of my friends Professors

Barker and Morton and Mr. Edison. The scheme of operations

was as follows: 1st, the photographic and photo-speel

work as well as the eye slitless spectroscope were to be in

charge of my wife and myself; 2d, the analyzing slit spectro-

Boope eras in charge of Professor Barker, with the especial

object of ascertaining the presence of bright lines or else of dark
Fraunhofer lines in the corona; 3d, the polariscopic examina-
tions were confided to Professor Morton, who was also to spend
a few moments in looking for bright or dark lines with a hand
spectroscope ; 4th, Mr. Edison carried with him one of his newly
invented tasimeters with the batteries, resistance coils, Thom-
son's galvanometer, etc., required to determine whether the

heat of the corona could be measured.
This entire programme was successfully carried out and good

fortune attended us in every particular. The results obtained

were: 1st, the spectrum of the corona was photographed and
shown to be of the same character as that of the sun and not
due to a sp gas; 2d, a fine photograph of the

corona was obtained, extending, in some parts, to a 1

more than twenty minutes of arc, that is, more than 500,000
miles; 3d, th^ KrauuhntVr dark lines were observed by both
Professors Barker and Morton in the corona; 4tb, the polariza-

tion was shown by Professor Morton to be such as would
answer to reflected solar light; 5th, Mr. Edison found that the
heat of the corona was sufficient to send the index beam of
light entirely off the scale of the galvanometer. Some negative

re also reached, the principal one being that the
H74K, or so-called corona line, was either very faint or else

not present at all in the upper part of the corona, b
could not be observed with a slitless spectroscope and the slit

spectroscope only showed it close to the sun.

The general conclusion that follows from these results, is,

that on this occasion we have ascertained the true nature of the
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corona, viz : it shines by light reflected from the sun by a cloud

of meteors surrounding that luminary, and that on former
occasions it has been infiltrated with materials thrown up from
the chromosphere, notably with the 1474 matter and hydrogen.

As the chromosphere is now quiescent this infiltration has taken

place to a scarcely perceptible degree recently. This explan-

ation of the nature of the corona reconciles itself so well with

many facts that have been difficult to explain, such as the low
pressure at the surface of the sun, that it gains thereby addi-

tional strength.

The
Eawlin
Washington, height 6732 feet above the sea) on the line of the

Union Pacific railroad, because, while it was near the central

line of totality, it had also the advantages of being supplied

with water from the granite of Cherokee Mountain and of

having a repair shop where mechanical work could be done.

I knew by former experience that the air there was dry and
apt to be cloudless; in this particular our anticipations were

more than fulfilled by the event, for the day of totality was
almost without a cloud and the dew-point was more than 34° F.

below the temperature.

The instruments we took with us were as follows and weighed
altogether almost a ton. 1st. An equatorial mounting with

spring governor driving clock, loaned by Professor Pickering,

Director of Harvard Observatory. 2d. A telescope of five and
a quarter inches aperture and seventy-eight inches focal length,

furnished with a lens specially corrected for photography, by
Alvan Clark & Sons. 3d. A quadruple achromatic objective

of six inches aperture and twenty-one inches focal length,

loaned by Messrs. E. and H. T. Anthony, of New York ; to

this lens was attached a Eutherfurd diffraction grating nearly

two inches square, ruled on speculum metal. The arrange-

ment, with its plate holders, etc., will be designated as a photo-

telespectroscope. 4th. A four-inch achromatic telescope with

Merz direct vision spectroscope, brought by Professor Barker,
from the collection of the University of Pennsylvania. 5th. A
four-inch achromatic telescope, also brought by Professor Bar-
ker

; to it was attached Edison's tasimeter. Besides these there

were polariscopes, a grating spectroscope, an eye slitless

spectroscope with two-inch telescope, and, finally, a full set of

chemicals for Anthony's lightning collodion process, which in my
experience is fully three times quicker than any other process.

The arrangement of the photo-telespectroscope requires far-

ther description, for success in the work it was intended to do,

viz., photographing the diffraction spectrum of the corona, was
difficult and in the opinion of many of my friends impossible.
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In order to have every chance of success it is necessary to pro-

cure a lens of large aperture and the shortest attainable focal

length, and to have a grating of the largest size adjusted in

such a way as to utilize the beam of light to the best advan-
tage. Moreover, the apparatus must be mounted equatorially
and driven by clockwork so that the exposure may last the
whole time of totality and the photographic work mus; be
done by the most sensitive wet process. After some experi-
ments during the summer of 1877 and the spring of 1878, the
following form was adopted.
The lens being of six inches aperture and twenty-one inches

focal length, gave an image of the sun less than one-quarter of

an inch in diameter and of extreme brilliancy. Before the
beam of light from the lens reached a focus it was intercepted
bv t

Ti-
the Kutherfurd grating set at an angle of sixty

the beam on one side and produced there three

images—a central one of the Sun and on either side of it a
spectrum ; these were received on three separate sensitive

plates. One of these spectra was dispersed twice as much as
the other, that is, gave a photograph twice as long. This last

photograph was actually about two inches long in the actinic

region. If, now, the light of the corona was from incandescent
gas giving bright lines which lay in the actinic region of the

spectrum I should have procured ring-shaped images, one ring
for each bright line. On the other hand, if the light of the
corona arose from incandescent solid or liquid bodies or was
reflected light from the Sun I was certain to obtain a long band
in my photograph answering to the actinic region of the spec-

trum. If the light was partly from gas and partly from re-

flected sunlight a result partly of rings and partly a band
would have appeared.
Immediately after the totality was over and on developing

the photographs, I found that the spectrum photographs were
continuous bands without the least trace of a ring. I was not
surprised at this result because during the totality I had the

opportunity of studying the corona through a telescope
arranged in substantially the same way as the photo-telespec-

troscope and saw no sign of a ring.

The plain photograph of the corona taken with my large

equatorial on this occasion shows that the corona is not
arranged centrally with regard to the sun. The great mass of
the matter lies in the plane of the ecliptic but not equally
distributed. To the eye it extended about a degree and a half
from the sun toward the west while it was scarcely a degree in

length toward the east. The mass of meteors, if such be the
; <>n of the corona, is therefore probably arranged in

an elliptical form round the sun.
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For the fortunate results of this expedition we are not a

little indebted to the railroad and express companies. The
Pennsylvania, the Chicago and Northwestern and the Union
Pacific railroads, the Pullman Palace Car Company, and the

American and Union Pacific Express Companies made the

most liberal arrangements, and Mr. Galbraitb, the Superinten-

dent of the Eepair Works at Rawlins, gave us the free use of

his private house and grounds. Of the citizens of Rawlins it is

only necessary to say that we never even put the lock on the

door of the Observatory, and not a thing was disturbed or mis-

placed during our ten days of residence, though we had many
visitors. They sent us away with a serenade.

of the sun I was occupied exclu-

ly intra-Mercurial planet which might

be visible. Jb'or this purpose I employed an excellent four-

inch refractor, by Alvan Clark & Sons, 'mounted eqai

with a magnifying power of forty-five. There were no circles

tment and, accordingly, I placed

on it circles of hard wood, the declination circle being five

inches and the hour circle four and three quarter inches in

diameter. On these I pasted circles of card-board, and
were provided so that I could mark with a sharp pencil the

position corresponding to any particular pointing of the instru-

ment. This method does not compare in accuracy with grad-

uated circles and verniers, but it has the advantage, and a very

important one in the present case, of avoiding the an
which might be attributed to erroneous readings of r

To read the divided circles would require considerable time,

while the pointings can be marked on the paper discs in a few

moments. And besides, while a doubt might be raised as to

the correctness of the recorded circle readings, no such doubt
can exist in reference to the positions marked on these paper

circles. The chronometer times corresponding to each pointing

were recorded, and the designation of the object observed was
also marked on the paper discs, so that there is no difficulty in

identifying the several marks.
Before the commencement of the eclipse, the inclination of

the polar axis of the instrument was adjusted and it was
brought into the meridian as nearly as possible. The error

therefore arising from the imperfect adjustment of the equato-

rial mounting will be small. A few minutes before ti.



J. C. Watson—Intra-Mercurial Planet. 231

of the eclipse I swept over the regions east and west of the sun,
from eight degrees to fifteen degrees distant, but no stars were
seen. Immediately after the commencement of totality I began

ist and west extending about eight degrees from the
sun. I had previously committed to memory the relative
places of stars near the sun down to the seventh magnitude,
and the chart of the region was placed conveniently in front of
me for ready reference whenever required. The first sweep
began with the sun in the middle of the field, and extended
eastward about eight degrees and back, and I saw d Cancri and
Btaaller stars marked on the chart The next sweep was one field

farther south, and eastward and back as before. Then placing
the sun in the field I commenced a corresponding sweep to the
westward. Between the sun and 6 Cancri and south of the middle
of the field, I came across a star, estimated at the time to be of
the four and a half magnitude, which shone with a ruddy light
and certainly had a larger disc tJ isc of a star.

The focus of the eye-piece had been carefully adjusted before-
hand and securely clamped, and the definition was excellent.
I proceeded, therefore, to mark its position on the paper circles,

and to record the time of observation. It was designated by a.

The place of the sun had been recorded a few minutes previ-
ously and marked S^ Placing my eye again at the telescope
I assured myself that it had not been disturbed, and proceeded
with the search. I noticed particularly that the object in ques-
tion did not present any elongation such as would be probable
were it a comet in that position. In the next and final sweep
I brought into the field what I supposed to be £ Cancri, although
it appeared very much brighter than what I expected from the
appearance of d Cancri which I had seen in the first sweep.
I proceeded to record its position on the circles with the desig-
nation b. Before this was completed the total eclipse was over,
and I ran across to where Professor Newcomb was observing
in hopes of being able to point his larger instrument upon the
star a before the light became too bright. I found, however,
that he had n suspicious star in the field, and was then engaged
in making the circle readings, so that his telescope could not be
disturbed. I then went back to my own telescope, but the

as already too intense to enable me to see the star
last in the field. I did not therefore determine whether the
instrument had been disturbed by a gust of wind from the
west which came just before the sun reappeared. The tele-

scope was clamped pretty tight in declination but it had a
freer motion It was placed in the lee of a

- and it was, hence, quite well protected from the
wind. Sections of snow fence belonging to the railroad had
Am. Jock. Sct.-Third Series, Vol. XVI, No. 9&-Sept., 187a
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also been placed along this ledge as a more complete protection

in case of very strong winds.

Upon reading the circles and reducing the observations, it

is rendered probable that the telescope was disturbed in this

instance; but I give the observations as they were made com-

plete, in order that they may be made available in any future

discussion. The places of the sun were again recorded and

verified, and thus the position of the star a (which I believe to

be an intra-Mercurial planet) can be determined relatively to

the sun. The linear distances on the paper discs were roughly

measured immediately after the observations, and the result

was to show that the object which I had designated by a on the

circles is not a known star. Since my return to Ann Arbor,

I have placed the paper discs on the axis of a graduated circle,

and setting them by means of a pointer, I have read off the

positions. They are shown by the following table, in which

the readings given are the mean of five readings on each mark

:

Chronometer Time. Object observed. Circle readings.

Planet

The difference in declination measured on the circle is

A6 = —0° 22'.

The place of the sun for the instant of observation is

and hence we derive

i Mean Time. a. 6.

1878, July 29, 5 h 16m 37 s
. 8h 27 ra 35 s

. +18° 16'.

It was not possible in the brief period of totality to change
the eye-piece in order to observe the object under a high power.

I can only state in addition to the above, that the appearance
of the object arrested my attention even before I moved the

telescope to the known star farther to the eastward. It was
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very much larger than this star, which was 6 Cancri, and its

light was quite red. The appearance of the disc was such as

to lead me to believe that it was situated beyond the sun.

I have not had an opportunity to make any calculations suf-

ficient to determine whether the place observed can be recon-

ciled with the reported observations of spots supposed to have
been planets in transit across the sun. This I will do hereafter.

The star marked (6), and supposed to be £ Cancri, was 0° 35'

south from the sun, as determined from the place marked on
the paper circle. If the telescope was disturbed by the wind
before the pointing was marked, the disturbance would prob-
ably be wholly in right ascension, since the motion in declina-

tion was pretty nearly clamped. In regard to the star (a),

which I consider to be the planet sought, there is no un
whatever, beyond the unavoidable errors of the record as made.
I consider the place given to be trustworthy within 5' of arc.

It is to be hoped that persons who have made suitable photo-
graphs during the totality will examine the plates carefully in

the region indicated. It is possible that the planet may appear
upon some of them.

"

' r station for observation was at Separation, Wyoming Ter-

on the Union Pacific Railroad. It is near the summit
Rocky Mountains, in a circular walled plain of several

q elevation of about 7,200 feet above the
level of the sea. It is proper to add further, that the major
part of the expenses of my expedition were defrayed by the

U. S. Naval Observatory from the appropriation made by Con-
gress for the observation of the eclipse.

Ann Arbor, August 13, 1878.

The Pterosaurian remains hitherto discovered in this coun-
try are all from the Cretaceous, and most of them belonged to

animals of gigantic size. So far as known, they were all desti-

tute of teeth, and hence belong to the order Pleranodontia. A
characteristic specimen recently found in the Upper Jurassic of

Wyoming, and now in the Yale College Museum, is the first

indication of this group of reptiles from this formation in

America. The specimen, which is in good preservation, is the
distal portion of the right wing metacarpal, and indicates a

••'dactyl having a spread of wings of four or five feet
The shaft of this bone at its upper portion is oval in transverse
section, but near the bedral, with a distinct

ntory, <

of the

:
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ridge on the under surface. The shaft is hollow, and the walls

are thin and smooth. The outer condyle is placed obliquely,

as in the Cretaceous species, and the lower groove between the

two condyles is unusually narrow. The inner condyle is nearly

circular in vertical outline, and its articular portion extends

over about three hundred degrees.

The principal dimensions of this specimen are as follows:

Length of portion preserved 32'0mm

Transverse diameter of shaft where broken 4 5

Antero-posterior diameter 3-5

Transverse diameter of shaft immediately below
condyle ... 5-

Antero-posterior diameter, 4'

Greatest triiusverse diameter across condyles 7*5

Vertical diameter of inner condyle, 8*

Antero-posterior extent of outer condyle 7 -5

This interesting specimen was discovered in the Atlanto-

saurus Beds of Wyoming, by Mr. S. W. Williston. Its generic

relations cannot at present be determined, but the species repre-

sented may be named Pterodactylus montanus.

Yale College, New Haven, August 17th, 1878.

SCIENTIFIC INTELLIGENCE.
1. Descriptive Geology ; by Arnold Hague and S. F. Emmons ;

Vol. II of Ger,h,,.;c / ,
• < t;.n(..

:
,;.:d /•.>/<'«-

ration of tin: 40th Parallel, Ci.arkxce King, Geologist-in-Charge.

890 pp. 4to, illustrated by 26 plates. Washington, 1877. Sub-

mitted to the Chief of Engineers and published by order of the

Secretary of War under Authority of Congress.—The pi

of this Report was announced in the last volume of this Journal.

and at the same time it was stated that a review of its chief re-

sults was expected for another number. The expected article has

not been received ; and as the volume is of special importance in

conneetion with American Geology, a notice is here given without
further delay.

The region explored is a very extended one, it reaching from
the eastern Colorado range to the Sierra Nevada, with a width <>f

about a hundred miles along the 40th parallel. The authors state

that the seven years engaged in the work, from 1867 to 1873, was

_'i. :il iveoiui;-iis>an<-'(\ rather than a

rinislu-d systematic survey. Still, the account of the region is

v complete for a reconnaissance of such an area; and

the whole is presented so clearly and systematically, both as

regards the physical aspect, topogi . the general

it-attires and details, that the v.-limie will be found a most accept-

able one by the general public as well as the geologist. The
descriptions" commence with the eastern portion of the" area, and
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are given in five chapters corresponding to the five maps of the
Atlas illustrating the region.

The first chapter treats of the Colorado range, its mountains,
plains and rocks, the Laramie Plains. Medicine I J. .\v Kange, the
North Park and Park Range, the Bridger's Pass Region, the
Elkhead Mountains and the valleys of the Yampa and Little

Snake Rivers; the second chapter, of the Green River Basin;
the third, of the Hali Ha-in ; tin- fourth of the Nevada Plateau;
and t hefifth, of the Nevada Basin. The facts cited relate mainly
to the rocks.

The Laramie Hills described 1

include the part of the eastern

limits of the 41st and 42d parallels. The altitude of "the peaks i

generally between 7,800 and 8,300 feet, one of the peaks reaching
probably a height of 9,000 feet. This part of the range is an anti-

clinal, having an axis <>f granite and granitoid rocks of Archaean
age, on either side of which lie unconformably sandstones and
limestones of the Paleozoic, which dip away from the range at an
angle of four to ten degrees. The Archaean rocks are coarse gran-

-isting of quartz, orthoclase, some mica and usually a tri-

ispar), passing above into a series of distinctly bedded
" reddish granitoid rocks composed of quartz and feldspar," and
becoming to the north and south decidedly schistose, being well-

analyses of the granite less than one per cent of lime was obtained,
and in another 1-40 per cent, showing, as Mr. Hague remarks, that

feldspar must be either albite or oligoclase. The
mica is biotite, but with some lepidomelane. Iron Mountain is a
mass of ilmenite or titanic iron. East of Iron Mountain there is a
labradorite granitoid r-ck. with cleavable labradorite, described
by Professor Zirkel, in his Survey Report, as gabbro. The amount
" foliated pyroxene is small. On the west side of the Hills,

thin beds and s
;;

T,V geological features cha) mie Hills con-
tinues southward along the Colorado Range. The granite of the
summit of Gray's Peak afforded on analysis the same composition

is that of the Hilla The overlying sedimentary for-

mations bordering the mountain range are estimated to have a
thickness of about 6,000 feet; the Paleozoic, 850; the Triassic,

800 to 300; the Jurassic, 200; the Cretaceous, 4,300 feet (300
feet of the Dakota group, 1,000 of the Colorado group, 1,500 of
the Fox Hill, and 1,500 of the Laramie). The Paleozoic beds con-
tinue along the eastern foot hills for nearly 70 miles, and then

. none being found north of Colorado Spring-. The
"ds consist of red sandstone with some red clays and

thin beds of limestone, and, in some localities irregular deposits

.. two to twenty-five feet thick. The Jurassic beds are
slightly reddish in tinge, with orange, puri-lc and hivender-col-

i twenty-five feet thick. The Jurassic bed
>ti_y reuaisn m tinge, with orange, purple and lavendei
strata, which are" mainly argillaceous, together with I



thin layers i -urn. But the limit between this

lassie is stated to be uncertain.

The Medicine Bow Range is made up almost exclusively off

Archaean crystalline rocks, including granites, gneisses, mica

schists, hornblende schists, diory; tzyteg, etc.

The granite and gneiss contain much of a trielinic feldspar, and

in some places zircons. At Cherokee Butte, there is an Archaean

granite whose quartz grains, according to Zirkel, show evidence

of wear, and hence of the metamorphic origin of the rock. Medi-

cine Peak is a mass of white quartzyte rising about 2,000 feet

above the surrounding country and having an eastward dip. It

contain- some cyanite. It is cut through by what appears to be

dike- «.| a tine-grained dioryte. The Ar.-li.-ean ipiartzyte is under-

laid oonfof ling eastward, and this

by a homblendic 'schist. At Mill Peak, the quartzyte is and
overlaid by a red conglomerate, and, above the conglomerate,
ijU.n t/\ t< . part \ calcareous.

The North Park and Park Kange are described at lengtt

Mr. Hague; only a few facts r. -pectiiu the volcanic rocks

They are all, as observed also by others, Tertiary i

chiefly rhyolytes, according to Professor Zirke
" ' Park, the lower spurs and
nge are covered by them. The central point

of eruption was probably on the slopes of Mt. Richthofen. The
divide between Middle and North Parks, stretching between the

two great Archaean ranges, is coin; achytes and

basalts. The Cretaceous sandstones have hi some places been

lifted by the erupted trachytes. East of Parkview Peak the

eruptive rock of some of the hills is granitoid and p
though probably related to the trachytes. Zirkel calls the rock

granite-porphyry. The eruptions are not older than Cretaceous.

The basalt of the divide between the two Parks lies almost en-

tiivlv westward of ihe track vtic region.

The Elkhead Mountains are described by Mr. Emmons. They
are a group of high volcanic peaks, some over 10,000 feet above
the mi level. They include the north-and-south elevations of

Whitehead Peak and Steves Ridge, and, crossiug this, an east-

and-west ridge ot basalt, mainly nepheline basalt.
"

'1

'

are sanidi -
. of angtt*

and, in sonti places, chrysolite, as described by Zirkel. There
><«:"- t.» h:tvi- been a transition from the trachytic outflows in

Hantz Peak to basaltic. In the basalt of Bastion Peak occur, be-

sides the ordinary con-- -.
. ,„ Uw chrysolite, and

biotite. The account of the Green River Basin is by Mr. Emmons

;

and those of the Utah Basin and Nevada Plateau are by him and
Mr. Hague. It is impossible to do the subject any justice in this

place, and only a few facts are here cited. The elevation of the

plateau increases westward from 4,300 to 6,000 feet, Ruby Valley,

along the east base of the Humboldt range, being the highest por-

mostly under Quaternary depos
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and fine. The ridges, which rise 2,000 to 6,000 above the level of
tlu- valleys, trend marly n« -rTh-an. l--<>i u h. are a |- proximately par-

allel, and vary from five to ten miles in width. The older sedi-

mentary strata are also concealed to a large extent by great out-

flows of Tertiary volcanic rocks, which have spread in all directions

from the old lines of upheaval.
Between the Desert Region—an arm of the Salt Lake Valley

lying to the west of the Aqui Mountains—and the first ridge
called the Ihenpuh Mountains, there are terraces at the heights

800 feet, 500 feet and 300 feet, above the Desert level, the second
marked by calcareous tufa.

The Wachoe Mountains, rising out of the Gosi-Ute Desert, con-
'"- -\ with the north-and-south lines of Paleozoic ridges

and rhyolytes. The granite contains little quartz, and afforded
Professor T. M. Drown only 55-53 per cent of silica, with 5*20 of
potash, 484 of soda and 5 '62 of lime. The so-called " andesyte"

not a hornblende rock (hornblende grains being exceed-

. but contains much biotite, along with a triclinic feld-

spar. One of the two agreeing analyses by Mr. Woodward ob-

ica 67*63, alumina 18-08, iron protoxide 2- 17, magnesia
1'14, lime 3-16, soda 2-87, potassa 3-86, ignition 1-49=100-40,
agreeing little with ordinary andesytes.
The East Humboldt Range is the main range of Central Nevada,

ighest between the Wahsatch of Utah and the Sierra

—granites, gneisses, etc.—constitutes its axis, though striking

obliquely across the range, and on either side of it are inclined,

unconformably, Devonian and Carboniferous strata. There are

numerous canons in the limestone of the eastern slope. All the
ridges of the plateau are described in detail in the Report, and
also those of the Nevada Basin.
The Report makes an excellent companion volume to that on

the Petrology of the 40th p .r.oVi by Zi> Bel, it explaining at length
the geological relations of the rocks. Many chemical analyses of
rocks are given, the most of them by Mr. R. W. Woodward.
Besides the large and beautifully-colored Atlas already noticed
in this Journal, there are many most excellent ambrotype plates
in the text, which are remarkable for their topographic and
geological interest.

2. Flora Amtraliensis : a Description of the Plants of the Aus-
' "<>» '/; ,,//,,-,/. ii v George Bentham, F.R.S., assisted by
Baron Ferdinand von' Mueller, I'.RS., Jtc, &c. Vol. VII. 11..*

'
1 FUices. London : Reeve .V- Co. 1878. 806 pp., 8vo.

iiue brings a great undertaking to a happy completion.
The first volume was issued in the year 1863, and the work has
nade steady progress to the end. It is the complete phsenoga-

1 up by one
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mind and hand, within a time and at an age which allows no

sensible change of ideas or point of view, so that it is fchroiighcml

<>ntj .nable with itself. It is the work of the most experience.!

and wise systematic botanist of the day, and when we know that

fully as much other work, of equal character, has been done within

these fifteen years, it will not be denied that the author's indus-

try and powers of accomplishment are unrivalled. ~No one else

has done such good botanical work at such a rate. If, M some

fear, the race of first-class systematic (phaenogamous) botanists is

destined to die out or dwindle, it will not be for the lack in our

day of a worthy model.
In the concluding Preface, Mr. Bentham turns over to his able

and equalh <r. Von Mueller, the duty of

rporating addenda and corrections, and suggests the prepars

of a methodical synopsis, for convenient use, especially ition ol a methodical synopsis, tor convenient use, esp
Austral it and need-

ful. This trust, we doubt not, Ton Mueller will duly undertake,

and may be expected worthily to accomplish. His feilow-u m ten
over the world are not unmindful of their great obligations to

him in the development of Australian b. tai.y. and in rendering

practicable the production of this Flora Australiensis, which has

been equally enriched by his vast collections and facilitated by
his preliminary study of them.

Mr. Bentham now declines to undertake- •• a derailed examina-

tion of the relations, as well of the whole flora to that of other

( uuiries. as of its component parts to each other."

instead to "the principles laid down by J. D. Hooker in the

admirable essay prefixed to his Flora Tasmania?," but recajdtniat-

big mi iitly the general characteristics of the chief e

parts of the present flora of Australia, the most peculiar one of

any large part of the globe. Let us still hope that he may some
day reeon-ider ti i- determination, so far as to discuss in a general

way the relations of Australian botany to the history of vegeta-

tion on the globe.

Peculiar 'as the Australian vegetation is, its treatment not

rarely touches points which concern the student of the American
flora. Esjh to us is the elaboration, in the

present volume, of the Graminece, in which General Munro's

matured views—as yet little known by publication—have passed

the indepen . a veteran general botanist,

and in which the author's own conclusions regarding me uioi-

phology and terminology of the floral parts and their accessories

I Mr. Bentham's essay

on this subject, ant | lt its conclusions are

apparently incontrovertible.
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should insist that the anthers in Sh/il-u- aiv ,i ,>;],,, ,,!,<,' but bilocel-

late. The diagnosis of Boxburghiacew in the conspectus distin-

guishes the nr,l, r from A istralian Liliaceae only, and hy an over-
sight the second genus of the order is said to be restricted to
Japan, whereas it was founded on a North American plant, a. g.

3. Flora of M-mrii '".< ,,-,,<! t},, n, -g,-h, U,$ ; a Description of the

Flowering Plants and F< -.<< /' thos. Islands. By J. G. Baker,
F.L.S., etc. London : Reeve & Co. 1877. 557 pp.—Another of
the British Colonial Floras, complete in i

I orders, not a few of which are represented mainly by natural-

> genera, and 1058 indigenous species. Thanks to
ugar-culture and bad management," the forests of Mauritius,
"which at the time when it was named by the- Dutch.
covered it to the water's edge, have been by*degrees cut down, till

they are now almost entirely destroyed From 467 tons
in 1*12, the amount of sugar exported increased till it reached a

island, with an area of 700 square miles, produced about a tenth
of the exported sugar of the whole world. The consequence is

that the indigenous flora oi the island, as we have it now, is a
mere wreck of what it was 100 years ago, .... and the interest-

ing endemic trees and shrubs". . . . have either been entirely

exterminated or become very rare, and that a crowd of intro-
duced trees, shrubs, and weed's have re]. laced t! i original vegeta-
tion ;-- a greater i ucnt than i

St. Helena." The number of i

established on the island is estimated at 269; that of indigenous
flowering plants and ferns is 869. Rodriguez has probably suf-

fered in the same proportion. It has now onlv '-'<>- known* wild
species, 36 of which are peculiar. The Seeheyelles, of 30 little

plants than was expected : 33s
wild species are known, of which 60 are peculiar. Six of them are
I alms, of as many genera. /.</••>' >' s -•/, //./,'>//,>. the coco de mer
"

,f-ing the famous one. The Palms are elaborated by Dr. I. B.
Balfour, the recent explorer of Rodriguez, the Orchids by S. L.
Moore. We are pleased to learn that, since the publication of

this volume, Mr. Baker has been elected a Fellow of the Royal

4. Forest Flora of British Burma. By S. Kurz, Curator of

Imtanic Gardens, Calcutta. Published In-

order of the Government of India. Calcutta, 1*77. 2 vols. 8vo.

>lain English descriptions of all the known
.-'". ith an introduc-

•;' the various kinds of forest, climatology, etc. When
!: !s ol that, "an evergreen tropical forest consisting of 200 to

- of trees to the square mile is almost the rule," it must
»tood that shrubs are included. This work appears to be

5. The Ap<>r>j, t u,; i

,,f
s,,nth Ai„- :• a ; ,r',tl «>,,<> r r> !'-,/,, ><tr;/

hthnirks on the ichult''Family. With thirrg-fie: plates, to Mus-

lim plai
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trate the structure of the Genera. By John Miers, F.L.S., etc.

London, Williams & Norgate, 1878. 277 pp., 4to.—This venerable

and indefatigable botanist has here newly elaborated a great part

of an order which has in our day received attention iVoni Alphonse
DeCandolle, from J. Mueller, and lately from Bentham, in the

(n-m r:i Plantarum. Many new genera are proposed, several sup-

pressed or overlooked genera restored, their characters illustrated

by the author's neat figures, and a new arrangement into classes

and tribes proposed. Two of the classes are characterized by the

stamens, but not sharply contrasted, the third rests upon the seed

alone. In many respects the system differs widely from that of

the Genera Plantarum. a. g.

6. The Student's Flora of the British hhuvh. By Sir J. D.
IIookku. K.C.S.I., C.B., etc. Second Edition. London. Mae-

millan & Co. 1878.—This new edition exceeds the old one by
over thirty pages. We have not sought !>y com) .arison to ascer-

tain the changes made; but there are indications of careful

revision. The accentuation of names appears to be perfect, one

or two omissions excepted. By why are not accents cast upon
the types, instead of being interposed between them, making an

break in the word? A really compact and portable

flora like this is a great convenience. a. g.

7. Botany of Kerguelen Island.—A quarto of 86 pages and 5

plates, without title page, is received, being a part of the publica-

tion of the scientific results of t! o to observe

tin- nuiiM! of Wmis. ti contains: 1, Observations on the Botany
of Kerguelen Island, by J. D. Hooker, an in

to bis tniTiio: liisni-sion of this isolated rlorula, streng'i

support-ion of the derivation of the land plants from South

America by means of former intermediate tracts of land; 2,

Enumeration of the Plants hitherto collected, &c. ; by the same
author, except as to the Lower Cryptogamia. Of them, the

Mvsci and Hepaticw are by Mitten, Lichenes by Rev. J. M.
Crom'i.ie. Marine J/,,,-, l,y Professor Dickie. Fresh' Water Alg<B

by Professor Reinsch, an elaborate contribution, and the few
Fungi by Berkeley. a. g.

8. Ferns of North America. By Professor Daniel C. Eaton.
—Parts VI and VII, issued as a double number, maintain the

high character of the work for beauty and scientific exactness.

rly well represented; so are the

Grape Fern- {li<>tr
:t

/././,.>. which here are in full force. The
figure of 77/e</< 7

, />.,/.< Jh-<i>>j>Urls is very characteristic, bin flat,

without the least foreshortening; Bhchfonn .s-.-rrulatuni is so re-

duced as to convey no idea of its port; and Adiantum pedatum is

somewhat thinnish. The paper and typography are sumptuous.

9. A Manual of the Anatomy of Invertebrated Animals. By
Thomas II. Huxley. 8vo, 596 pp. New York: D. Applet--'"

& Co.—The American edition of this important work was issued

some months ago, but was not noticed at that time. It W • val-



uable compendium, both of general and special anatomy of the
invertebrata, which should be in the hands of every working nat-

uralist. It is also well adapted for the use of special students
i: 1

{ical studies in the laborati >ry. but is hardly S""'^

of detail introduced i

numerous technical terms made use of. It is freely and well illus-

trated, a. e. v.

10. Manual of the Vertebrates of the Northern United stales.

Second Edition. By David S. Jokdax. 12mo, 407 pp. 1878.—
The second edition of this work has been considerably enlarged,
and many improvements have been made. The portion relating

to the fishes has been largely rewritten, and the artificial keys in

that group have been replaced by "'natural " ones, lor the genera.
Most of the additions and corrections in other groups are to be
found in the addenda. a. e. v.

11. The Structure and Habits of Spiders. By J. H. Embetojt.
12mo, 118 pp., with 67 cuts. Salem, Mass.: S. E. Cassino.—This
excellent little book fills a place in our zoological literature hith-

erto entirely unoccupied. It contains very clear and interesting

descriptions of the anatomy of spiders, their classification, their

manners and customs and domestic economy. It is

illustrated by figures drawn from nature, by the skillful pencil of
the author himself. Many of the figures illustrate the webs and
nests of spiders u ith remarkable accuracy. a. e. v.

12. First Annual Report of the United -

<'„,,,,;.<.<;„, fur t/„ ,.;.,,< 1^77, r<lit;.,<i f., t.'.r 11., -Kg Mountain
Locust. W orations. 8vo, 771 pp., 5 plates.

Washington, D. C, 1878.—This extended report contains a his-

tory of the ravages of locusts in this country, with statis-

tics, their geographical distribution, migrations, etc. ;
detailed

descriptions" of the species and others closely allied, their meta-
morphoses, habits, par logy, etc. ; a detailed

account of the various means of destroying them or diminishing
their numbers, and accounts of the effects that follow their rav-

Rgea; accounts of ravages of locusts in other countries; also

_- \ arums coll; rerai iut •' mation.
Three of the plates, drawn by Mr. J. H. Emerton, well illustrate
tlic '_rro\vi :he Rocky Mountain locust, and
two other closelv related species of Caloptenus ; the fourth plate,

by Mr. C. V. Riley, illustrates their parasites ; and the fifth, by
Mr. C. S. Minot, illustrates the histology. A large part of the
volume is devoted to the practical bearings of the subject upon
the agricultural interests of the country. a. e. v.

13. On the young stages of Osseous Fishes. By Alex an ok i:

Agassiz. (From the Proceedings of the American Academy of
Arts and Sciences, vol. xiv.) svo, with S plates. June, 1878.—

ntains the results of tin- extended and careful studies
ot the author upon the growth and metamorphoses of this peculiar
group of fishes, including the results of various experiments made
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to test the effects of environment upon their colors, etc. The
jiu ii mena connected with the changes in the position of the eyes,

and the asymmetry of the body are fully described and illustrated.

The sensitiveness of the young flounders to the character of the

liable powers

of imitating such colors are well discussed. A. E. v.

14. Eesults of the Recent Eclipse ; by Professor C. A. Youxg.
(From the New York Times, of August 16.)—It is early, as yet,

to estimate the full scientific meaning and value of the observa-

tions made during the recent solar eclipse, but it is already evi-

dent that, though in some respects di-appointiug, they are yet, on

the whole, i : ite equal to those obtained on any

One brilliant discovery will probably date from this occasion,

and hold a conspicuous place in the annals of science. The planet

Vulcan, after so long eluding the hunters, showing them from

time to time only uncertain tracks ami signs, a] pears at last to

have been foirly run down and captured. At least it seems to us

that the observations of Professor Watson at Rawlins, and Swift

at Denver, must for the present be taken as conclusive, though
perhaps not settling the question beyond the possibility of re-

opening or dispute. The gentlemen are both astronomers of

repute, accustomed to sweep for faint objects, and provided with

ex< !' nt instrun s. Tl e negative results of Professors New-
comb, Wheeler, Hoiden and others, who with similar instrmm nt-,

went over the same ground and found nothing, are, indeed, un-

s:\ti.-l on ai 1
]
uzzling; but they can hardly outweigh the posi-

tive evidence on the other side, though they certainly justify a

certain reserve in ueeepting the conclusion.

Assuming as correct Professor Watson's estimate of the planet's

- (four and a half magnitude), it would be more than

fn-ry times fainter than Mercury, ami considering its proximity to

the sun (which would make it much brighter than if at the same
distance as Mercury), it would seem that its diameter must be

somewhere between 200 and 400 miles. If really thus minute, it

is easy to see how it has so long escaped discovery; indeed, the

question at once arises whether there must not be several such

Vulcans. to account for that peculiar behavior of Mercury, \\ hieh

led Leverrier, on our amis, to assert the ex-

istence of a planet or planets betu sun. Mr.

Switr. in fact, claims to have seen two bodies—Watson's and an-

other near it.

It is unfortunate that the single observation of Professor Wafc
BOB cannot give definite information as to the orbit and motions
of the planet; but for this purpose at least three observation- are

needed, and unless (as Professor Watson hopes to do) he succeeds

in identifying some of the many recorded transits of small black

objects across the solar disk, as oU met, it may
be long before we shai: irt her about it. There
is, however, a hare possibilitv that it may be recovered in full

daylight by arming a large telescope with a very long tube, pro-
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jecting beyoi bserverto
examine the sky within a degree or two of the sun without h -ttimr

the sunlight fall upon the lens. If the experiment could be tried

at a considerable altitude, where the atmospheric glare is at a
minimum, the chance of success would be greatly improved.
As regards the physics of the sun and the corona, the principal

and most important result of all the observations bearing upon
this subject is to demonstrate a derided sympathy and connection
between the condition of the sun's visible surface. a< indicated by
the number and character of the sun spots, and the constitution of

At the present time the sun's spots are at their minimum; whole
passed without tb< rle one. The

lope of hydrogen and other gases
which immediately surrounds the sun, 'lias also been correspon-
dently quiescent, and the -o-ralled '-prominences" have been few
and small. Of course it was a question of interest whether the
corona also would show a corresponding difference of condition
from that indicated in 1869 and the later eclipses, when the Sun's
surface was in full activity, and the question has received an em-
phatic and affirmative answer.
As to the brightness of the corona at the recent eclipse, there is

considerable difference of opinion. The writer, and he thinks a
' large majority of those who also saw the eclipse of 1869, is strongly
of the impression that in 1869 the corona, though perhaps less

extensive, was many times more brilliant, while the corona in

1870 seemed to him intermediate between those of 1869 and 1878.
Some of the best observers, however, are of quite the contrary
opinion, and it is frankly to be admitted that one's judgment as
to the brightness of an object like the corona depends so much
upon the condition of the eye at the moment of observation, and

tion so depends upon what the eye has been doing for
fla last few moments preceding, that no very great weight is to
be assigned to such impressions. The writer feels, however, con-
siderable confidence in his estimate of the relative brightness of
the three eclipses, because in all three cases his observations were
made under almost preeiseh sin Mar circum-tance*—near the mid-
dle of the eclipse, and after about a minute of close spectroscopic
work.

While, however, there may be room to question the conclusion
that the corona this year was uncommonly faint, there can be no

• its spectrum was profoundly modified.
The bright lines which come from its gaseous constituents were

- in lsr,<.) and in all the -iib-M^uem eclipses until the

1
res nr one, but this year they w< re so faint a- to be seen by only

•*i tew or the observers, wl ile :
;

; . _rr< ai majority missed them en-

. o„U a .oMtiu-1. u- ^.ot-nn Thi* was especially

1 "i:; its position upon Kirchhoff's map of the solar spectrum).

ist at the beginning and end of
totality, but during the middle of the eclipse nearly all entirely
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lost sight of it. That it was really present all the time, however,

lint, is proved by the observations of Professor Eastman,
Pro£s Mir I.nukett, Mr. Thomas and the writer, the former of

whom traced it all around the sun to a distance of from 10' to SO*,

und, and keeping it in sight all the time.

s the case was similar; the writer had
* other'of them in the field continually, and they never quite

<1, though at times very faint.

Of course, the slitless spectroscopes, both ocular and photo-

graphic, from which so much had been expected, failed to give

any satisfactory results. In 1871, when the instruments were first

used, the observers saw a series of colored images of the corona.

Mr. Lockyer, for instance, saw four such images, one red, one

green, one blue, and one violet. This year nothing of the kind

appeared. At the moment, indeed, when totality began there was
ma exqnisite exl ibition, first of the darkness of the solar spectrum,

and then for an instant of a multitude of bright colored segments

—the spectrum of the chromosphere ; but when the moon had
covered the chromosphere there was only a disappointing, contin-

uous band of color, unmarked by rings of any kind.

Those, also, who were looking for new bright lines in the corona

spectrum were equally unsuccessful, whether they employed the

ordinary spectroscope or worked by photography. Some of the

observers, the writer among others, used a so-called " fluorescent

eye-piece," which brings the otherwise invisible light beyond the

extreme violet-end of the spectrum within the range of human
eyes, by the action of a film of fluorescent liquid (aesculin solution)

inclosed between thin plates of glass. But, although before total-

ity the apparatus worked perfectly, disclosing to the eyes dark

nerable in the portion of the spectrum invisible without

its aid, alter the darkness came on it failed to show a single bright

line. The most carefully prepared and sensitive photographic

apparatus succeeded no better, except that Dr. Draper, Mr. Lock-

yer, and one or two others perhaps, did obtain by means of a slit-

less spectroscope, an impression of a faint continuous sp
the ultra violet, without rings or markings of any kind. Evidently
no lines existed to see or photograph on this occasion.
One or two observations were made of some interest in their

relation to previous work. Professor Rockwood, of the Princeton

j; a double-barreled slitless spectroscope, observed at

the beginning of totality a bright red line in the chromosphere
spectrum very near to B. This explains an observation of Mr.
Pogson, in 1868, who then insisted that he saw B reversed in the

spectrum of a prominence, but as all the other observers had C
instead of B, his record was generally regarded as a mistake.
The line is probably one well known to solar spectre-

534 of Kirchhoff 's scale—a line exceedingly difficult to see in the

spectrum of the chromosphere under ordinary circumstances, but

still invariably present and exhibitable (if one may coin a word)
with proper appliances. Its conspicuousness in Professor Rock-
wood's instrument is a matter of some surprise, but there could be
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no mistake, as C was even more brilliantly conspicuous at the

same time. What the substance which causes it may be is quite

unknown. Like the so-called D
3
line it has no corresponding dark

line in the solar spectrum.
The same observer, and the writer also, saw both II lines (cal-

cium) brightly reversed in the spectrum of the chromosphere

;

thus confirming observations made six years ago at Sherman, but
never corroborated since, except by the photographic spectrum
obtained by the Siam expedition in 1875.

The exquisite reversal of the dark Fraunhofer lines at the mo-
ment of totality was seen by many of the observers. Several

observers, especially Professors Barker ami Morton, at Rawlins,
were able to confirm Janssen's observation in 1871 by seeing

the principal dark Fraunhofer lines in the corona spectrum, thus

ibowing that a considerable percentage of the coronal radiance i-

mere reflected sunlight. The dark lines were, however, so faint as

to be seen by very few, and this shows equally clearly, we think,

that the particles which reflected the sunlight are themselves also

self-luminous, as, of course, they ought to be so near the sun.

A great deal of attention has been paid to the polarization of
the coronal light in past eclipses, and while on the whole there

has been an o\< :«!.. I: ,': - w. '_! - ..f evidence in favor of radial

ion, yet at every eclipse some observer of reputation has

obtained anomalous results quite at variance with all the others.

This year Dr. Hastings of Baltimore, comes out with strong tan-

gential polarization as his result. That he must be the victim of

some mistake is almost certain, since all the rest of the observers

—

Wright, Ranyard, Ilarknesss and others—are emphatic and clear
in their contrary conclusion.

Experiments with the tasimeter or new heat measure of Mr.
Edison showed, as was ascertained many years ago, that the heat
of the corona is quite sensible. With a thermopile attached to a
|'i-<ailiarly-aiTanged sp<-et mscope Mr. Anderson, of the Princeton
party, obtained a doubtful result, which may indicate a bright

heat-line in that part of the chromosphere spectrum below the red.

It has been represent. <1 in some quarters that the results of this

eclipse require a fundamental reconstruction of the theories hith-

erto held regarding the constitution of the corona. This is, how-
ever, an entire misapprehension. The same constituents appear
in the corona as hitherto, only in altered proportions, as might
have been and was expected by students of solar physics. In
1869, 18 70 and 1871 the gaseous elements of the corona—the
hydrogen and " 1474 stuff," whatever that may be—were in such
""•itity and condition and rose so high above the solar surface

their lines were conspicuous in the coronal spectrum, and
attracted the attention of observers far more forcibly than the
feeble continuous spectrum of the light emitted from and reflected
by, the minute solid or liquid particles which also constitute an
essential element of the corona. At present the condition is re-

versed. The gases are either too small in quantity or too cool to
be conspicuous. The lesson, and it is an important one, is simply,
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as has been said, that, to a certain extent, the corona sympathizes
with the sun-spots.

It certainly looks probable, also, that while the gaseous elements

of the corona are strictly solar, the non-gaseous matter—the coro-

nal dust or haze—is of extraneous and very likely meteoric origin.

At any rate, the extent of the corona was certainly not loss than

on former occasions, whatever may have been the case with its

brightness. In fact, it has never been traced quite so far from the

sun before, as this time by Langley and Newcomb, who followed

it out for six degrees along the ecliptic a sueeess partly, of course,

due to the clearness of the air at their elevated stations. Now,
this is quite consistent with the theory that meteor streams fur-

Jope, since, so far as we
can judge, they have nothing to do with the sun-spots.

A very interesting problem relates to the effect of solar forces

noon tlii- h it really be, and the material for

the st n.lv is furnished in rich abundance by the numerous drawings
made by Langley, Abbe, Penrose, Boss and others, and by the

hs, which in excellence and number excel those obtained

on any previous occasion. Among the best which we have seen

are the magnificent series made by Rogers at La Junta, those of

Draper at Rawlins, and those of the Princeton party at Denver;
undoubtedly th- least equal excellence.

To sum up : The eclipse of 1878 has added a new planet to the

i
wi! cause, whatever

it may be, which produces the periodical sun spots at intervals of

about eleven years, also affects the coronal atmosphere of the

This, of course, adds a certain measure of probability to the

idea that these solar periods may produce some effect upon the

earth., such as may be felt in our meteorological conditions; and

though the writer by no means concurs with Mr. Lockyer in con-

i

'

already demonstrated connection between the sun spots and the

bat, on the other hand, 1

1

almost dis-

fher investigators, still there can be no ques-

tion that the subject deserves thorough study.
The result of the late eclipse goes to show such a periodical

chang." in the stale or' the «>lar atmosphere as might very possibly

produce a sensible effect upon the does or not

is a question whirl, can be settled onlv bv a careful and syste-

matic investigation of the facts.

Princeton, N. J., Thursday, Aug. 15, 1878.

15. Institute of France—Dr. Asa Gray has been elected Cor-
r. <pnnding Member of the Institute in place of Alexander Braun,
of Berlin, recently deceased.

Charles Darwin has also been made a Corresponding Member
of the Institute.

16. The Annual Meeting of German X<itnr*U*t* and P/,-/^'- :-'\

will be held during the week from September 11-18, instead or

the following week.
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uperposed magnet The object of this paper is to present
accurate diagrams of the configurations formed by the floating

magnets and to give the laws ruling these configurations, with

if — '/,. ' J/, i ,,},, . l.nirs of (he Configurations

formed by Magnets fto id subjected to the attrac-

tion of a superposed magnet ; with notes on some of the phenom-

to explain and illustrate; by Alfred M. Mayer.

In the April and June numbers of this Journal (pages 276
and 477 of vol. xv), I published short notes on my experiments

'**\ magnets floating vertically and subjected 1

"'

— »erposed magnet The object of this pa
s diagrams of the configurations formed" 1

to give the laws ruling these config

l of the peculiarities of these forms. At the s

time I will show how neatly these experiments illustrate several
phenomena in the molecular structure of matter.

The Diagrams*— These diagrams show the configurations
formed by numbers of magnets extending from two to twenty.
They were obtained as follows : the number of needles forming
a configuration were floated in a bowl filled to its brim with
water. The eye ends of the needles, which protruded a short
distance beyond the tops of the corks, were of S. polarity.
A cylindrical magnet, 38cm long and 15mm in diameter, was

1 position, with its N. end at the constant
distance of 60 millimeters above the tip of the needle which
floated in the line of the axis of the magnet. I tipped the
ends of the needles with printer's ink, and when the config-
uration had formed and was stationary, I brought down upon
the needles a piece of flat card-board, and thus obtained prints

f M am indebted *o the courtesy of Mr. A. E. Beach, of the Scientific American,
ior the use of the engravings of the diagrams which illustrate this article.

Am. Jobb. Sci.-Third Series, Vol. XVI. N
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from nature. Around each of the dots on the card-board I

drew a black disk. The centers of these disks I joined by
lines, in order to bring before the eye the contours of the con-

figurations. After the diagrams of the configurations had been
obtained in this way they were placed at a fixed distance from
the camera, and photo-engravings were thus made of about one
half the sizes of the original prints.

The Morphological Laws of the Configurations.—The coufigura-

Looking at the diagrams the reader will see that figures 2 to 8a

inclusive form the primaries. Figure 8b begins the secondaries,

for it is the hexagon with 2 for nucleus. Configurations 8b, 8c,

9, 105, 10a, 11, 12, 13, 14, 15, 16, 17, 18a, 18b and 19a are secon-

daries, having respectively for nuclei the primaries 2, 2, 2, 2,

3, 3, 4, 4, 5a, 6a, 7, 7, 7, 8a, 8a. The configuration 106 is not

found in the diagrams ; it is the same as the 10 which forms the

nucleus of 20, only the two central lateral needles are further

removed outward from the vertical axis of the fig. 10.

The group of 19J begins the tertiaries. Of these I do not

give diagrams, but indicate their structure by giving the

numbers of the secondaries forming their nuclei and then give

the numbers of needles grouped around these nuclei. Thus,

the structure of the configuration formed of 47 needles is

indicated by 47=(18+14)+15; which means that 47 needles

form a configuration which has 18 for its inner nucleus, sur-

rounded by 14 needles, and these in turn surrounded by 15;

and as 18+ 14 forms the tertiary which is the nucleus to this

quaternary 47, we inclose 18 and 14 in parenthesis.

I here give the configurations to 51 inclusive, which form

begins the quinaries.

The configurations of the same number of magnets are lettered

a, b, c, to indicate their degrees of stability ; a being always the

most stable form. I have, however, lettered the configuration

of 8 magnets in the order of their increasing areas in order to

make them serve better for the purpose of illustrating the phe-

nomena of isomerism. Really, 8c is more stable than 8b.
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Quaternaries.

?,Ab = (94 = (13 + 13) + 14 47 = 18 + 14)+ 15

t'-

1 -

?,:,b = 42 = (13 + 14) +15
12)- = (15 + 14) + 14 50 =
!:>)• 8 + 12 + 15)4
13U 45

39 = (11- 13) + 5 46 = (18 + 14) + 14

I do not say that the above list contains all the possible com-
binations. The list is more for the purpose of establishing the
laws which I have already formulated.

In my first publication I gave two configurations for four
needles

; one having the needles at the corners of a square, and
form ; the other unstable and formed of a triangle con-

taining a central needle. I have concluded that this form does
n<>: exist ; at least, its existence is so transient that it has never
remained long enough for me to take a print of it.

T have stated that 196 begins the tertiaries. This is an
unstable configuration, and is formed of 9 surrounded by 10
magnets. The' other 19, 19a, is stable, and is formed of 8a
surrounded by 11 magnets. It is to be remarked that not
alone the tertiaries but the configurations in the other classes

begin with an unstable group of magnets. Thus, 8c begins
the secondaries, 196 the tertiaries, 34ft the quaternaries, and
516 the quinaries.

The reader has seen that a given number of magnets may
form two or more different configurations. Thus, five magnets
form two, 56 a square with a magnet at its center, and 5a a pen-
tagon. Six magnets give 6a and 66. With eight magnets we
obtain three configurations, 8a, 8b, and 8c. Now the different

configurations formed of the same number of magnets always
exhibit different degrees of stability. Vibration of the less

stable forms (produced by alternately lifting and lowering the
superposed magnet) sends them into the stable forms. Thus, 56

ion rearranges itself into 5a ; 66 into 6a ; and 8c, or 86,

into 8a. With the configurations of higher classes (the tertiaries,

quaternaries, etc.), even a knock on the table is sufficient to
cause the needles of the unstable configuration to move to

positions of stable equilibrium.
On looking at the diagrams it will be observed that only the

stable primaries form the nuclei of the secondaries, and. more-
over, those primaries which are not dimorphous, like 2, 3, 4
and 7, serve as nuclei to more than one secondary. Thus. 2 is

the nucleus of 8a. 86, 8c, 9 and 106: 3 is the nucleus of 10a
a,1 't 11 : and 7 is the nucleus to 16, 17 and 18; while each of
the other stable and dimorphous primaries, 5a, 6a and 8a,
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appears only once, as nucleus respectively to 14, 15 and 18&.

This same power of the most stable nuclei to resist outside stress

is shown in the configurations of the tertiary and qui

classes, where the secondary 11 appears as nucleus to 21, 22,

23 and 24. The secondary 18a persists in even a more marked
manner as a nucleus. This 18a has the contour of that very

stable 7 (the only configuration possible with 7 magnets), which

forms its nucleus. Among the tertiaries 18a is the nucleus of

30&, 31, 32 and 33, while in the quaternaries it forms the inner

nucleus of 46, 47, 48 and 49. The fact of the persistence of

these stable forms as nuclei may be suggestive to chemists and
crystallographers.

It is here to be remarked that (as a general rule holding good
in all the classes) of two configurations made up of the same
number of magnets, that configuration is the more stable which
has the least number of needles for its nucleus.

Illustrations of Molecular Structure. (1.) Unstable Molecular

Equilibrium.—That the molecules in a body may be in a state

of unstable equilibrium, so deli that a slight

extraneous action of pressure, of heat, light, etc., may cause a

new molecular arrangement in the body, is shown in many
facts. A few of the more familiar ones will answer for our

purpose. Thus, quiet water, which remains liquid at a tem-

perature of 10° C, or more, below 0° C, changes suddenly into

ice when agitated ; and during this solidification its temperature

rises. In like manner a supersaturated solution of disodium

sulphate solidifies when a crystal of this substance is dropped
into it. Another instance of a sudden change from an unstable

to a stable molecular condition is shown when the yellow crys-

tals of mercuric iodide change, on the touch of a glass rod, to a

scarlet color with a perceptible motion of their particles. These

and similar phenomena are illustrated by the change of unstable

to stable configurations caused by vibration, shock, and varying

conditions of stress. Thus, 5b changes into 5a; 6b into 6a;

and 8c and 8b into 8a.

(2.) Illustrations of the Expansion on Solidification, as shown
by water, bismuth, antimony, cast-iron, etc., are readily given

by the floating magnets. One volume of water at 0° C. expands
on freezing into about one and one-tenth volume of ice. It

happens that the area of 5b is greater than the area of 5a by
about one-tenth ; so that the increase in area which takes place

when the pentagon of 5a is changed into the square 5b may
represent the increase in the volume of water when it changes

It will be observed, on an examination of the diagrams, that

of two configurations, formed of the same number of needles,

that configuration which has the larger area has a magnet in its
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center. Thus, 5b exceeds in area 5a, and 6a is of greater area
than 6b. To see the effect of a repulsive center on a configura-
tion, compare the areas of the two squares 4 and 5b, and of the
two pentagons 5a and 6a. The most marked effect of a repul-
sive central magnet is seen on comparing 14 with 15. The
outside contour of each is formed of 9 magnets. The nucleus
of 14 is the peculiar flattened pentagon, which is expanded into
symmetry on the addition of another magnet, while at the same
time the outside contour of 15 conforms to the regular pen-
tagonal nucleus. These phenomena are so suggestive that I
make bold to put the question : may it not be that there is an
actual centralization of atoms in the molecule when a body
expands in solidifying, and in the case where of two or more
isomeric bodies one has always the minimum density ? I offer
this as a suggestion which may be worthy of the consideration
~* "" ystallographers.

) Illustrations of Allotropy and Isomerism.—The most inter-

ring of our experiments with the floating magnets are those
illustrating the phenomena of allotropy and isomerism. It is

well known that an elementary substance may exist under very
different forms. By the action of heat, electricity, etc., an ele-

ment may have its physical and chemical properties so changed
that no one would suppose that the different bodies thus made
out of one and the same element were really all of the same
substance; yet the body remains elementary under the different

appearances, for it is impossible by any means of subtraction
to get anything but the elementary substance from it. Phos-
phorus, sulphur and carbon give instances of allotropy. Thus
graphite and the diamond are both carbon, yet how different
are they. One is soft, opaque, black, and with a metallic luster

;

the other is the hardest of bodies, transparent, and resplendent
by its refractive action on light Graphite is a good conductor

:ty ; crystallizes in small six-sided tables which belong
either to the hexagonal or monoclinic system, and have a spe-
cific gravity of 2*2

;
while the diamond is a bad conductor of

electricity, crystallizes in the monometric system, and has a
specific gravity of 3 5. Whenever an element or a compound
takes two different crystal forms, these different crystals always
differ in their density.

[
These differences of form and density shown in allotropy and

isomerism are well illustrated in the configurations which are
formed of the same number of magnets. Take figures 5a and
w. The first is a pentagon. The second is a square with a
magnet in its center. The forces in these floating magnets and
in the superposed magnet remain the same in all the configura-
tions, and these have all been printed from needles floated in
water whose surface was at a constant perpendicular distance
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Thus we see how
iame strength, may

take different relative positions, and thus produce very different

crystal-forms in the same matter. We may take 5a for an
u of the atomic arrangement in the diamond, while

56 may stand for graphite. But there is' always a change of

density accompanying the different forms in allotropy, and this

fact is also illustrated by configurations 5a and 56. In bodies

formed of the same kind of elementary atoms, as in allotropy,

it is evident that their relative densities will be directly as the

number of atoms contained in the unit of volume. As our con-

figurations illustrating allotropy contain the same number of

magnets, it follows that the relative densities of these configura-

tions are inversely as their areas. Now the area of 5a (measured
on the original prints) is 818 square millimeters, and the area of

5b is 992 square millimeters, hence the density of 5a is to the

density of 56 as 992 is to 818. Thus we see how the arrange-

ment of magnets in 5a may stand for the molecular structure

in the diamond while 56 may stand for that in graphite.

Numerous instances exist in chemistry of the same elements
combined in the same porportions, yet producing bodies crys-

tallizing in different forms, and having different densities, color,

transparency, hardness, etc. As examples of this phenomenon
of isomerism we may cite calcium carbonate, which crystallizes

in two forms differing in density, viz : as calc spar of a specific

gravity of 2-72, and as aragonite of a specific gravity of 2*93.

Configuration 6a may stand for the molecular structure of calc

while 6b may stand for that of aragonite. The relative

s of these 'two configurations are as 208 to 247.
A striking example of isomerism is given in titanic acid,

which crystallizes in three distinct forms: as anaiase, specific

gravity 3'82; as brookite, specific gravity 4-02; and as' rutile.

specific gravitv 4'25. These three isomers may be illustrated

by 8c, 86 and 8a, which have respectively the densities of 382,
364 and 360.

It will, of course, be understood that the above paralellisms
are given -

, of how our experiments may
serve to explain and illustrate the phenomena on the assump-
tion of the atomic hypothesis and on the supposition that the

ioh, in the experiments, take place in a plane, may
similarly take place among repelling and attracting points sit-

uate in space of three dimensions.
Otherforms of the Experiments.—Instead of floating the mag-

nets they may be suspended by fine silk fibers. In this method
of experimenting the attractive action of the superposed magnet
is replaced by the action of gravity, which draws the mutually
repellant needles toward the vertical.
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An advantage of this form of the experiment is that the con-
figuration can be transported, and may thus serve in illustration

of a moviug molecule as is set forth in the kinetic theory of
gases. It is interesting to watch the mutual actions of two or
more approaching configurations, and to observe the motions
in the exterior and in the contour of a suspended configuration
on its impact against a resisting or a yielding surface.

Professor O. N. Rood suggested to me to replace the sus-

pended magnets by gilded pith balls, hung by silk fibers and
similarly electrified.

Professor Frederick Guthrie, of London, under date of May
21, writes: "If the corks are made somewhat wider than in

your larger needles, the needles move and arrange themselves
very quickly if they are turned over and floated on perfectly
pure and freshly filtered mercury. Those which reach the
edge incline with their corks in the capillary trough."

Method ofprojecting the magnified images of the experiments on
a screen.—To exhibit these experiments before a large audience
!t is best to use short magnets made as follows : Magnetize
rather large sewing needles with their points all of the same
polarity, then take each needle between the flat jaws of a pair

I with a pair of cutting-pliers snap off the needle
close to the jaws of the other pliers. Thus form a series of
magnets about f inch in length. Run each of these through a

km of a small cork and then coat both needle and cork
•\c varnish. Float these magnets in a glass tank

placed over the condensing lens of a vertical-lantern, or you
may even float them directly on the c<
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made of an inverted glass shade filled with water. This form of

condenser was first used by Dr. R. M. Ferguson, of Edinburgh.
Fig. 1 shows the arrangement of the experiment. The rajs

of light, R, from a heliostat, or from an oxyhydrogen light, fall

on an inclined mirror, A, placed under the water condenser C.

The needles float on the surface of the water in this condenser.

The rays which have passed through the lens, L, are reflected

by the swinging mirror, B, to the distant screen, where they

form the images of the floating magnets. The magnet is held

over the needles at M, by means of a wire which is wrapped
round the magnet to serve as a handle. If a long magnet be

used it will work well if its pole is brought over the needles*

by inclining it.

i order being evolved out of chaos as we hold a magnet
number of needles, carelessly thrown on water, and wit-

sm approaching and, one after the other, entering into

3 of that geometric figure which conforms to the

fiber of magnets composing it

Art. XXVIIL— On the presence of Dark Lines in the Solar

Spectrum, which correspond closely to the lines of the Spectrum

of Oxygen; by John Christopher Draper, M.D., LL.D.,

Professor of Natural History in the College of the City of

New York.

The measurement of the wave lengths of the dark lines of

the solar spectrum obtained by photographs, and the construc-

tion of a chart of the same, has for many years occupied my
leisure time. As a result of the investigations connected with

this work, I have arrived at the belief that oxygen as well as

other non-metallic gaseous elements are represented in the

solar spectrum by dark lines, in the same manner as metallic

substances. The lines in the case of oxygen are however very

faint, when compared with those produced by metals in the

these

graphing the normal solar spectrum. As my purpose was to

obtain photographs in which the positions of 'the lines should

be as true as possible, I resorted entirely to the process by

reflection, and at no lime did the solar rays pass through glass

;

v..
7 pieces of soft
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all error that might arise during refraction was thus avoided.

The mirrors of the heliostat were of flat glass silvered, the
silver surface being polished served as the reflector. The sur-

face of the concave mirror employed to bring the image of the
slit to a focus, was also silvered and polished. Gratings of

4800 and 9600 lines to the English inch, ruled on glass by a

machine constructed by myself and my assistant Mr. Sickels,

and also an admirable one of 17,280 lines to the inch, for

which I am indebted to Mr. Rutherford, were used. These
were silvered with a thin coating, and the unpolished silver

surface employed to give spectra by reflection. With the

4800 line gratings the photographs were in the 1st and 3d
orders; with those of 9600 lines in the 3d order, and with
17,280 in the 1st and 2d orders. The accuracy of the gratings
was tested with satisfactory results by taking photographs in

equivalent orders of spectra on each side of the normal. The
photographs for the determination of the wave lengths of the
solar spectrum were in sections of eighty to one hundred and
fifty wave lengths. The gratings were adjusted to the line of
no deviation for the center of each section of the spectrum, as

. tographed.
The wave lengths of the lines of the spectrum were carefully

1 on the original photographs, by projec
'

scale of wave lengths, each wave length

ngtl

measured on the original photographs, by projecting
upon a scale of wave lengths, each wave length being nve
millimeters in extent. The scale was drawn upon slips of

paper, which had been glued to strips of well-seasoned pine
wood cut with the grain." The lantern used for projection was
that described in this Journal for April 1878. The distance
of the lantern from the scale, and the consequent magnifying
power, was so adjusted as to make the leading lines of the
photograph coincide with the same lines of Angstrom, drawn in

per position below the scale as is shown in the diagram
given later on. Thus the positions of the lines in each section
of one hundred or more wave lengths were all made visible
at once, and the errors in Angstrom '3 chart corrected. From
4045 to O in the ultra-violet the leading lines of Cornu were
employed. Among the advantages presented by this method
of studying and measuring the lines of the spectrum we may
mention the opportunity offered for several persons to inspect
at the same time the details of the section under examination,
and submit them to intelligent discussion. To this we may
add the facilities offered for comparing many photographs
with each other by marking below the scale the p©
°f one, and then projecting the others in order upon the marks
made. In this way the effects of duration of exposure and
manner of development of the image, together with the varia-
t]on m the size of the slit and focal distance may be investi-
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gated, and their action on the details of the picture determined.

Pictures may even be placed face to face, one a little above

the other, and examined in that position by projection. From
the measures thus obtained a chart of the spectrum was con-

structed, which extended from E in the green to P in the

ultra-violet. The^v; ! u-s assigned to the wave lengths in this

chart are those of Angstrom, and it is my purpose to present

the positions and characters of certain of these lines in this

The great increase in the number of lines in the chai

from photographs by Mr. Rutherfurd's grating, compared with

that of Angstrom led me to collect all the measurements of

spectrum lines of elements that I could find, for the purpose of

determining the character of the newly measured lines. On
ng the lines of the spectra of oxygen, nitrogen and air,

as given in Watt's index of spectra, from the researches of

Thaldn, Hoggins and Pliicker, I was struck with the number
pproximate coincidences between the wave lengths of oxy-

lines and those of dark lines in my map. Attempting to

make a close comparison of the oxygen with the solar lines I

was confronted by the following difficulties, viz: The measure-

ments of Thalen, Huggins and Pliicker were given in wave
lengths only ; fractions being omitted altogether. Error

amounting to half a wave length could therefore exist in the

position of a line, according as it fell on one side or the other

of a figure on the scale expressing a wave length. In the

values given to the air lines by Angstrom in his chart, this

difficulty did not exist ; I therefore attempted the use of Ang-
strom's values, employing the work of Huggins and Pliicker,

to separate as far as 'possible the oxygen from the nitrogen

lines. This operation was, however, quickly discarded :
because

of the great differences existing between "these authorities re-

garding the wave lengths of a number of oxygen and air lines.

To obviate this trouble, I made photographic measurements of

the lines of the electri tYSten by the method
detailed below.

J*

The apparatus employed consisted of a spectroscope with

two flint glass prisms of "60°, adjusted to the minimum devia-

tion of D'. Collimator and telescope ..'.K-t v-.-. aehromaties of

ten inches focus. This was used to make photographs of the

spectra given by the condensed e : .-gen, in air

and in nitrogen. When so employed the eye-piece of the

telescope was removed, and a camera placed in 'its stead. The
slit was sometimes made as narrow as was possible. The
induction coil was one of Ritchie's, giving a ten-inch spark, and
having a hammer current-breaker driven by clock work. The
battery was three two-gallon bichromate cells, the elements
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arge, but just touched the fluid when the battery was in
ion. The large mass of fluid in proportion to the im-
1 area of the elements served to supply a very uniform
y current. The condenser on the secondary current

onsisted of ten glass plates, each having a tin foil coating of

square inches. One or more of these plates could
n into the circuit as occasion required. By this

arrangement a number of photographs of the electric spark
between platinum and iron points, in atmospheres of oxygen,
and of oxygen and nitrogen were made. The positions of the
iron and oxygen lines in these were measured as in the solar

-!->hs, by projection under a suitable magnifying power.
ter of each line was the portion from which measures

were taken in all cases. The wave lengths of the oxygen lines
were then determined by means of a curve, which from yl3864
to M414-75 was based on the iron lines of the same spectarara.
In all forty-seven iron lines in this extent of the spectrum, or
about one to every eleven wave lengths were used. The
values assigned to the iron lines were those obtained in my
chart of the solar spectrum. By this method of measurement,'.
From A4414-75 to M705, the iron lines did not photograph, I
was therefore obliged to construct this portion of the curve
from the wave lengths of oxygen and air lines already given
by various authorities; selecting those values in which they
agreed. From 3864 to 441475 the results are therefore accu-
rate. From 4414-75 to 4705, though they are approximate, the
error if any exists, must be very small. The measurements to
fractions of a wave length were obtained by constructing the
curve on a scale of sufficient magnitude.

In illustration of the great number of lines presented by my
chart of the solar spectrum as compare'] with that of Angstrom,
1 give a small section extending from 4062 to 40S0, within
which the oxygen group 4069-80—4072-10—and 4075-50 falls,

of the diagram the symbols of the elements

i according to Angstrom, corresponding lines
are found in the solar spectrum. On the first space beiow the
hne is the scale of wave lengths, each wave length being f

^'meters in extent. Inthe second space the lines of Ang

« "icn tne oxygen group -

On the upper part of the
..-hich aro.r.

the photographs, the vertical port

i the second space the lines ot Ang-
In the third space the lines measured

e vertical portion of each symbol
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giving the position, and the horizontal portion the width,

and also the darkness on an arbitrary scale of one to ten. The
lines encroach most on the vertical portion of the sym-

bol. The value 10 is expressed in the symbol of the Mn Fe
line 4063, and the value 1 in that of the line 4068-05.

Other features of the lines are shown by the manner in which

the upper part of each of these symbols is drawn. Beneath

the spectrum lines the scale is repeated, and the position of the

oxygen lines indicated. In addition to the lines already men-

tioned as being in Angstrom's chart, lines of the following

elements appear in this space, viz: Fe 4063, Pb 4066, Sr

4078, Bi 4080. The correspondence between these values and

the wave lengths of the lines in the photographic spectrum is

as close as could be expected, seeing that the authorities do

not give fractions of wave lengths. The Te line is re]

in the spectrum by the Mn Fe line 4063. The Pb line by
the spectrum line 4065-7. The Sr line by the line 4077'9, and

the Bi line by the line 4079-8.

Inspection of the diagram also shows that while the Mn Fe
4063 lines are coincident in both charts, the Fe line 4071

of Angstrom reads 4071-25 in the photographic chart, and the

unassigned line 4076*25 of Angstrom reads about 4076*20, in

my chart the two lines being nearly coincident In the photo-

graphic chart the relations of the lines to each other as regards

position are accurately presented, and where these differences

occur the positions given in the photographic chart must be

correct The total number of lines in the two charts is also

worthy of notice. In the eighteen wave lengths represented

in the diagram, Angstrom gives six lines, while the photo-

graphic chart gives twentv-four. Of Angstrom's lines five are

assigned to different metals, if we give the line 406625 to Pb,

and one is unassigned. In the photographic chart these lines

also appear, and in addition the lines of Bi and Sr, together

with the three oxygen lines. Out of the twenty-four lines ten

jned to various elements, leaving fourteen to be ac-

counted for; and many of these are moderately strong lines.

The oxygen lines represented in the diagram are among the

strongest in the electric spectrum of oxygen, yet the equiva-

lent lines in the solar spectrum are faint when'compared with

the lines of Ca and Fe. This would seem to indicate a low
absorbing power in the gaseous non-metallic elements, as com-
pared with the same power in the case of metals in the vapor-

ous state. The existence of a difference like this would ex-

plain why it is, that many of the lines in the solar spectrum
which represent oxygen have been overlooked. Some of these

lines have, however, been observed, Angstrom himself giving

in his chart a number of lines, not assigned by him nor any
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arlv coincidentone else to other elements, which are \

with the oxygen lines, as determined by the photographic
method, as will be seen in the table at the close of this article.

As it is not possible, in the space to which we are
to give diagrams of all the portions of the solar spectrum which
contain oxygen lines, we present in the following table the

in that spectrum of all the oxygen lines that were
obtained in the photographs of the electric spark in that gas.

The first column contains the wave lengths of certain lines in

the chart made from photographs of the solar spectrum. The
second the wave lengths of the lines of the condensed electric

spark in oxygen. The third Pliicker's lines of oxygen, which
are much more numerous than those of Huggins, which are

presented in the fourth column, while the fifth column gives
the lines of Angstrom's air spectrum, which may be credited
to oxygen. The term free in the first column is used to indi-

cate the fact that no element has heretofore been found to

give a line within two or three tenths of a wave length of that

position. It is therefore free to be assigned as an oxygen line.

The chemical symbols on the other lines show that the element
indicated has been assigned to that line, and shares it with.

Dbapkh. Dbapeb. Pluckeb. HCGGINS. Angstrom

photoKraphifchart Lines of Lines ot Lines of
Linesofspa*

~ : "taS&SST* oxygen. oxygen. att
ox
b
yge

e
n.

t0

3864-50* free. 3864-75 1

3882-303

3907-90* " 390800 1

3912-25* " 391235*
3919-50*

3945-10' «

3954-603 " 3954-707

3973-40* «

3982-75' «

399550* «
4069-80* " 4069-50"» 4069-003 4069-00 3 4069-50

4072-10* " 4071-90 10 4072-00* 4073-00*
] 4073-65

4075-45 1 " 4075-50
4084-70* « 4084-805

408800 1 " 408G-00*

4104-4ol «
4093- 104 4094-00*

4103-00

4H8-00' Fe. 4117-00* 411700*
412120* " 4121 -20s
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Draper. Draper. PACKER. HUOGINS. Angstrom.

photographic chart
esSs* «« 5gK «S£?

4133-003 free. 4132 -906 4126006

4142 90' Pe." 4135-006

4145 -30* free. 4145-50^ 4147 -00* 4149-003

4155-60 1 " 4155-75* 4158-00* 4155-00

4168-20 1
S.

418990 1 0.

416840* 4171-002

4190005

4183-00*
4'89-60

4254-30 1 free. 4254-503

4274-80* CrCa. 4275-006

4278-103 Pb. 4278-106

4303-00 5 free. 4303-00*

4320"00* TiC. 4319-75 8

4 i'.viij Fe 4325-206

4328-20*

4331-002 free.

4336-34* SCr.
4345-209

4348-20' " 4348-30'« { 4347 -0010

\ 4348-00 10 4347 00 434750

4365-208

4369-10* CrFeAs." 4369-20* 4369-00*

441 3-20* »
'

4414008

4418-00 10

4430-00 Mn. 4450 00 3

4457-00*

4467-30 1 Ce? 4467-00 10

4483-80 1 Pe.
4572-103 Be. 4572-20 1

4577-75« Ce.
4582-102 PeCe.
4589-30* free. 4590-80

4595-403 « 4595-5010 4593-00* 4596006

4599-803jg^ 4,00-CO. 4600-006

4629-60* free.'

4640-2010 4640-25
4648-15-1 Cr. 4649 -008 4648-008

4661-50* free.

S'Sfrea 4698-50W 4698-00' 4699-oS' 4698-00
4704-65' Ba.' 4705-00'" 4705-00' 4706-00' __4706j50__

The table presents what may be called the oxygen regi

the spectrum, only a few oxygen lines lying outside of its lim-

its. As this also happens to be the region in which our photo-

['paratus and chemicals were most sensitive, we are

enabled to present measurements of the majority of the lines of
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oxygen. It will be noticed that though the oxygen lines of

greater wave length than 4704*65 are wanting, on account of
their lack of photographic power, this loss is partly made up
by the extension of the measurements into the ultra-violet

region, where as yet no exact measurements of oxygen lines

have been made that I am aware of.

That there should be no error regarding the nature of the
chemical element producing the lines, every precaution was
taken to have the oxygen as pure as possible. Photographs of
the spark in oxygen, between points of the purest platinum that
I could procure, were also made. These were compared with
the measured photographs of the spark between an iron and a
platinum tei ,>n was thus made for the detec-
tion of any error that might have arisen from impurity in the
iron used in the terminal. As these photographs of the spark
between platinum terminals in pure oxygen presented all the
lines given in the table these lines may be regarded as true
oxygen lines. In addition to the oxygen lines given, the fol-

lowing feeble lines were observed, regarding the nature of which
I was not quite satisfied, as they did not pass entirely across the
spectrum, viz.. 44 ,.Mi-y.i_±.-,(i.v^» —i.".L'.v:.t'—4.~4^75. In the
space extending from 425430 to 4345 15, many of the oxygen
lines are assigned to wave lengths occupied by other elements

;

for example, Cr, Ca, Sb, Ti, C, Bi. As other lines of these ele-

ments did not present themselves in the measured photographs,
and as the lines in question were also found in the photographs
of the spark between platinum terminals they are to be regarded
as true oxygen lines, although they are not given by other

68. In some of the instances in which elements in

addition to oxygen are assigned to a weak line in the solar

spectrum, it is very possible that such assignments are in error,

because of a lack of fractions in the determinations of the wave
lengths of these additional elements. Apparent discrepancies
regarding wave lengths in my determinations, and those of the
other authorities, are sometimes explained by the fact that a
line which is recorded as single in one case, is given as two lines
in the other. It is also worthy of remark that iu almost every

in which a line is presented by one authority and
omitted by the others, it is to be found in the column containing
the photographic determinations, and is an evidence of the supe-
riority of this method of recording the existence and positions
°* spectrum lines throughout the region over which it can act.

Examination of the table shows that the differences between
the wave lengths obtained for the lines of the electric spectrum
m oxygen, and the lines of the solar spectrum are very small.
Uut of the sixty-five lines of the solar spectrum which are as
Am. Jour. Sci.-Third Series, Vol. XVI, No. 94.-Oct., 1878.
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we have seen assignable to oxygen, in seventeen the coinci-

dences are absolute; in four the difference is only five one-

hundredths of a wave length ; in twenty-two, ten one-hundredths

of a wave length ; in four, fifteen one-hundredths of a wave
length ; in eleven, twenty-one one-hundredths of a wave length,

and i n the remainder the greatest difference is only thirty-five one-

hundredths of a wave length, or about that which Angstrom
different of the thehas made

solar spectrum.

The small figure attached as a power to each wave length of

the electric and solar spectra in the table, is a proximate ex-

pression of the photographic strength of that particular line in

each spectrum, and an examination of these upholds the state-

ment made in a preceding paragraph that the oxygen lines

of the solar spectrum are very weak when no other element

furnishes a ti he same wave length. Of course

photographic must not be compared with visual intensities, for

as the one diminishes in the less refrangible regions of the

prismatic spectrum the other increases. An example of coinci-

dence in the lines of different elements, and consequent incre-

ment in strength, occurs in the line 4118, and probably in the

line 4t808 also, though it is supposed to be free.

Iu conclusion, I give a list of certain lines in Angstrom's
chart which have not as yet been assigned to any element,

together with the wave lengths of the same lines in my solar

and electric sper-tra. From this table it will be seen that

Angstrom himself observed a number of lines, the relations of

which to elementary bodies no one has as yet demonstrated,

and which I believe'represent the oxygen in the solar envelopes.

Table of free lines i which may be

Draper's electric Draper's solar Angstrom's solar

spectrum of oxygen. spectrum. spectrum.

4132-90* 4133-003 4133-20'2

4254503 4254-55 3

4303-00-

4316-50*

4394-50* 4394-503 4394-45 3

S-IT'O
4595-403

4595-20J

4661-50* 4661-50* 4661-70*

The subjects presented in this communication may be briefly

ummed up as follows:

1. The resort to the process of reflection in producing and
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photographing solar spectra, and thereby avoiding certain error-,

and the employment of the silvered surface itself of a glass

2. The
the ultra-violet

•f -.;,- oxygen

3. The measurement in the region of less refrangibility than
d, of lines of oxygen not heretofore recorded, and the use of
projection as a method of measurement.

4. The establishment of a close relationship in position
between certain lines in the solar spectrum and the lines of
oxygen

; the slight differences that exist being assignable to the
otal difficulties in the way of making accurate meas-

ures of the oxygen lines, and falling within the limits of error
of experiment.

o. The evolution of the fact that the lines of the solar spec-
trum which appear to correspond to the lines of oxygen are
weak, or faint, and show that that gas possesses a feeble absorb-
ent power when compared with metallic vapors or gases like

6. The demonstration that in Angstrom's chart there are many
lines not assignable to any elementary body, and that these
lines occupy very closely the positions"of certain oxygen lines.

7. The suggestion that the proof of the presence in the solar
envelopes of oxygen, and other substances giving faint lines,

"in not to be solved by the comparison of two spectra
of small dispersion. The solar spectrum in certain parts is so
crowded with lines presenting all kinds of details, that the only

v way is to make measures of the positions of these
lines on a large scale, and as truly as possible, and then com-

niese the most accurate measures of oxygen lines that
can be made.

ART. XXIX.

—

Correction for Vacuum in Chemical Analysis;

by G. F. Becker.

,

Turner, in his atomic weight determinations (1829) was, so
ar as my information goes, the first to correct the apparent
jeightof solid !,<.<; •"

,^i.-- for the air displaced.
Serzelius at first accepted this correction but afterward rejected
r

,

iS insignificant. Erdmann and Marchand adopted the some-
what illogical practice of reducing the body weighed to vacuum
while neglecting the correction for the weights. Nor has the
practice of living chemists in accurate investigations been less
;ontradictory. Some of them have entirely ignored the buoy-
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ancy of the atmosphere while others have laid the greatest

Consistency among chemists in the treatment of this source

of error is certainly desirable. The subject is a simple one and
the cases in which the correction is of importance are so readily

distinguished from those in which it is insignific

the small amount of thought necessary to discrii

If to = the apparent weight of a body

;

w= the true weight

;

y = its specific gravity

;

d = the specific gravity of the weights, and
c = the weight of one cubic centimeter of ah

If the

and if the apparent weight is c

If c and d are regarded as constants, this equation represents

an hyperbola referred to axes parallel to its asymptotes.
It will readily be seen that the form of the curve is indepen-

dent of d, or the material of which the weights are made, this

constant simply determining the position of the axis of y, for

The curve is plotted (figure, page 269,) for d = 21*5, the

specific gravity of platinum, and c = 0-001225761, the weight

of one cubic centimeter of dry air with the normal carbonic acid

contents, at 45° of latitude, the normal pressure, and a temper-

ature of 15°. The abscissae in the diagram represent the cor-

rection for atmospheric displacement necessary per gram in

tenths of milligrams. The ordinates represent the correspond-
ing specific gravities. A glance shows that for high specific

the correction is small and changes but slowly, while

for specific gravities but little in excess of 1, the correction

; atively large and increases with great rapidity as the
u- H expressed algebraically by the

which indicates that the error decreases in proportion to the

increase of the square of the specific gravity, or that the inter-

vals through which the specific gravity may be regarded as

constant decrease as the square of the specific gravity decreases.
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Ordinates have been drawn to the curve at equal intervals
corresponding, for reasons which will presently appear, to
0-0000667 grams, or two-thirds of one-tenth of a milligram.
The abscissa of each of these ordinates represents the mean

a necessary between certain limits of specific gravity.
These limits are indicated by the points on the axis of y cut by
iints parallel to the axis of x and passing the ends of the arcs
the mean abscissa of which is cut by the ordinates. Thus a
correction of two-thirds of one-tenth of a milligram per gram
corresponds to all the specific gravities between 7 -8 and 13'6.

thirtieth milligram. The figure might evidently be employed
to form a table of corrections for vacuum for platinum weights

;

but while the principle is more readily apprehended geometri-
cally, calculation possesses the advantage in accuracy. An

a imilar figure might be drawn representing the correc-
tion for weights of brass or any other substance. The curve
would be identical, but the axis of y would cross the curve at

y = d, for brass y = 8*5.

The attempt is rarely made, as is well known, to push the

even in the most refined investi-

gations beyond one-hundredth of one per cent or one-tenth of
a milligram per gram. If the error made in correcting the
weighings for the displacement of air is kept within this limit,

remente of the case will therefore be fully met. Sub-
the specific gravity of which approximates within cer-

ts to that of the metal of which the weights are made,
consequently need no correction. As may be seen from the
1 '- ur ''- it' platinum weights are employed, no substance the
specific gravity of which exceeds 7*8 requires correction, if

one-tenth of a milligram be regarded as an insignificant error.
For brass weights the error is less than one-tenth milligram for
all known specific gravities above 5 -02.

,
Bodies are usually w ,tinum and brass, the

integral gram weights being made of the latter metal and the
fractions of the former; corrections must therefore commonly

I made for each. As the absolute error in neglecting the c

rection for small fractions of a gram is very slight, while it is
as much trouble to ascertain the correction for a milligram as
tor ten grams, it is convenient to omit small quantities from

'. Three errors in the correction for vacuum have,
then, to be taken into account, viz., that incurred by want of

'•curacy in correcting for the whole grams weighed
with brass weights; a second similarly incurred in weighing
parts of a gram with

\ id the error caused by
- the correction for small fractions of a gram. The

sum of these errors must not exceed one-tenth of a milligram,
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5 of the three is ov<a condition which will

one-thirtieth milligram.

The following tables answer these conditions, for all specific

gravities above 1, in the fewest possible numbers.

Vacuum Correction.

("Weights of brass) for Correction per gram. (Weights of pi tinum) for

Error <& Mg.

27-738 and 11-064 — 0-000 067 gram.
11-064 51-766 and 13-568

7-807

5-019 0-000 133 5-480

3-943 3-247 0-000 200
0-000 267 4-222 3*33

2-759 0-000 333
2-399 2-122 0-000 400

0-000 467 1-500

2-500

0-000 533
1-724 1-576 0-000 600

1-776

1-776

1-377 1-254 0-000 800
1-254

i-103 0-000 933 1-281

1-281

1103 1-041 o-ooi 000
1041 0-985 0-001 067

1-059 1-002

0-001 200 1002 0-950

specific gravity and will i

0-0000383

x being the correction. Uniform rules, however, are desirable

in the application of such corrections as the one under discus-

sion. It is therefore sufficient to state, that for specific gravities

above 1 no. quantity less than twenty-five milligrams needs

correction, while for specific gravities above 3 nothing less

than one decigram requires to be corrected or, in other words,

only the first decimal place.
In discussing analyses recorded in the literature of chemistry

it is, in arm. ---over with certainty

whether the gram weights were of platinum or brass; though
is the rule and an exception to it is apt to be stated.

The difference between the corrections per »ram for brass and
platinum weights is

)-0000872 gram,
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and should it be erroneously supposed that the gram weights
used were of brass, the total error in the correction would lie

between
— 0-000012 and
+ 0-000187 with a mean value of

-|- 0-000087.

Aluminium is sometimes employed for weights, but, so far

as I know, only for the smaller fractions of a gram. The use
of aluminium for milligram weights would diminish the

changes of

for vacuum is readily ascer-

tained. If we call the variation
caused by temperature from
the correction as calculated for
15°, xx ; then

*,= t' (O<0-00366)Q-^

C being the weight of oue

t the variation of the tempera-
ture from 15°. The value xx

will be at a maximum for spe-
cific gravities above 1 when
y~l and d = 21 -5. Accurate
investigations are scarcely like-
ly to be undertaken below 5°
or above 25°. But for t = 10,
x

i is less than one-twentieth
milligram per gram.
A variation of an inch in

the height of the barometer
would affect the correction still

the effects of ordinary elevations and of latitude or the
I the atmosphere are evidently too minute to be taken

] nto consideration in the present state of chemical apparatus.
conclusion, attention may be drawn to the fact, which
tb very plainly in the table, that for the purposes of the
tion of weighings to vacuum, no very accurate determin-

ion of the specific gravity i

Berkeley, California, May, 1878.



J. Lawrence Smith on Daubreelite.

Art. XXX.—On the composition of the new Meteoric Mineral

Daubreelite and its frequent, if not universal, occurrence in

Meteoric Irons; by J. Lawrence Smith, Louisville, Ky.

When I first announced the discovery of the mineral dau-

breelite,* the amount at my disposal was only sufficient for the

determination of its specific characteristics. Since then I have

made numerous sections of the first iron, which weighed about

250 kilograms, and also sections of another iron of 200 kilograms

from the same locality (Cohahuila), and in this last have found
the nodules even more abundant than in the first. Of the

second iron, I have a section with two polished surfaces of

about 900 square centimeters each, which show twenty-five to

thirty nodules, varying from three to sixteen millimeters in

diameter, at least ten of which are from one to one and a half

centimeters in diameter, and all of them exhibit to the eye

daubreelite in angular segregations.

The mineral used for my first analysis I obtained by break-

ing it out from the nodules mixed" with troilite and other

impurities, depending on the eye to separate the impurities.

Since then, I have found that chlorhydric or fluohydric acid

will attack the troilite readily and not act on the daubreelite,

and thus a method has been adopted by which the mineral is

obtained more abundantly and quite pure. The shavings and

cuttings procured in making the sections were used (several

kilograms of which were at my command) ; the fragments of

iron were separated by a large magnet and the small
left behind consisted essentially of troilite and daubreelite; for

the former is only feebly magnetic and the latter not at all so.

Strong chlorhydric acid is next added to this last portion and
gently warmed over a water bath ; the troilite is readily at-

tacked
; after a time the first acid is poured off, and a fresh

portion added, and the digestion continued over a water bath

from one to three hours ; the residue contains a good deal of

light black matter that is easily washed away (this last has not

yet been thoroughly examined, but much of it is in

to) ; the larger black pa; a ted with a

little chlorhydric acid, after which the daubreelite is left quite

pure and is easily washed, and any foreign particles are readily

picked out.

In this form it consists, as already described, of shining black

1 3 more or less scaly in structure, not altogether unlike
fine particles of molybdenite. The fracture is uneven, except
in one direction where there appears to be a cleavage. It is

* This Journal, III, xa, 109, August, 1876.
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brittle and easily pulverized, the fine particles retaining their

.. It is not magnetic. Before the blowpipe it under-
goes but Ktl og its luster, but not fusing, and

ating in the reducing flame it is slightly magnetic.
With borax it fuses slowly, the smaller particles giving an in-

tense green color to the bead when cold. It is not acted upon
in the slightest degree by cblorbydric acid, either cold or hot,

but dissolves slowly and completely in nitric acid when heated
over a water batbi, without, however, any liberation of free

sulphur.

Its specific gravity is 5*01. It is needless to give the details

of the method of analyses. I will only remark that when a
mixture of hydrated oxides of chromium and iron are separated
by the addition of bromine to an alkaline solution bol

oxides in suspension, the operation must be repeated two or
three times to insure complete conversion of all the chromium
oxide into chromic acid, and consequently to separate it totally

from the iron.

The following is an average of three analyses giving concor-
dant results within one half per cent of each (

Sulphur .42-69

A minute quantity, of what appeared to be carbonaceous
matter, was mixed with the residual traces of oxides found in
the mother-water. It is very evident from the above propor-
tions that this mineral is a sulphide cnnvspond -

ion to the well-known oxide, chromite (FeO+€r0 3
),

daubreelite being FeS+€rS s
, sulphur replacing the oxygen;

the calculated percentage is :

Calculated. Found.

Sulphur 44-29 43-26

Chromium - 36-33 3638

100-00

aesquisulphide of <

Sulphide of iron - 30-45 29-75

The calculation of the daubreelite is based upon the sulphur
found in the analyses (4326). As yet we do not know of any

i to this, and it is an interesti-

ng &ct that we are already enabled to establish so clearly its

true composition, and also to obtain good characteristic speci-

mens that will find their way into the principal cabinets of

meteorites.
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The occurrence of this mineral in so marked a manner in the

Butcher meteoric irons of Cohahuila, when it does not show
itself in the troilite of other meteoric irons, induced me to in-

vestigate this matter carefully, as I now had chemical methods

to aid me. Thus far I have examined the troilite from only

three meteoric irons, viz., those from Toluca, Mexico ;
Sevier,

Tennessee ; and Cranbourne, Australia. In the first two speci-

mens it was found in marked quantities, about 2'5 grains of

troilite being employed, but in the case of the Cranbourne,

where the quantity did not amount to one gram, the daubreelite

was proportionally less than in the other two. The Toluca

troilite furnished the largest quantity ; the residue from 2 800

grams of it, after thorough treatment with chlorhydric acid,

which dissolves nearly the whole of it, was dissolved in part by
nitric acid, and on analysis the solution was found to contain

chromium and iron representing about sixty milligrams of dau-

breelite ; the mineral obtained from these troilites was of the

pulverulent variety.*

There is reason to believe that further research will show the

constant presence of daubreelite in meteorites. I am now
prosecuting a series of experiments on the mineral segi

in meteoric irons, both those visible and invisible to the naked

eye and those only discernible by chemical means, the results

of which will tend to a satisfactory solution of this hypothesis.

Art. XXXI— On the Artificial Mounds of Northeastern Iowa,

and the evidence of the employment of a Unit of Measurement in

their erection ; by W. J. McGee.

With very rare exceptions, the artificial mounds of north-

eastern Iowa parte of Wisconsin and Minnesota
may be divided into four classes, viz : (1) tumuli; (2) conical

mounds, similar to the tumuli in appearance, but smaller, and
bearing no evidence of having been used for inhumation,
usually found in rows or series, and in such cases sometimes
connected by narrow ridges ; (3) embankments; and (4) animal
mounds. Isolated mounds are sometimes found, but they occur
much more frequently in groups ; and where the topography of

the country is favorable, many groups may be connected, form-
it:- extensive systems. All four classes ofmounds often appear
ma group, and usually in a system. When exceptions occur,

y the tumuh which are found to be absent.

Earely an embankment or a collection of mounds is so situated

* The undissolved portion after t]
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as to lead to the inference that it was designed—partially, at

least—for defensive purposes. True fortifi

of Ohio arid Kentucky, have not, however, been discovered.

Tumuli are never, so far as the experience of the writer

extends, regularly and methodically arranged. A few burial

mounds occupy prominent spurs and bluffs overlooking water-

courses, or other natural elevations. Such mounds usually con-
tain the remains of but one, or at most a few, bodies, and seem
to have been used only in exception«nl cases. The ordinary
grave mounds occur in valleys or on plains, irregularly disposed,

andrijaeh usually contains the rei ies. Imple-
ments, arms, etc., are not always found associat. d v. ;;h id* ; miian

collection of burial

mounds opposite Clayton, Iowa, arrow-heads and spear-points

are often found in such positions as to indicate that they were
buried within the bodies. A cranium from the same locality

lias a horizontal indented fracture about two inches above and
\ ith the supraciliary ridges, corresponding in shape to

the edge of a stone axe. Here, as in other parts of the United
States, one of the strata of the material forming the tumulus
consists of a hard light-colored earth. so indurated as to almost
if not quite prevent the percolation of water or the pel

of air. No earth of a like nature can be found in the vicinity

of the mounds. Hence it must have been either transported a
long distance, or artificially prepared : and the occurrence of a
like stratum in the mounds of widely separated localities in

which there --in in-- - i] - m< ul geological

formations (the stratum i>un_ in all ca.- s of dill.-ieut material

from any of the natural formations), would seem to indicate

that the latter suppos ect The preservation
of organic remains within some of the mounds is due to the

le nature of this stratum. Where it is not found,
all organic matter has been completely decomposed.
The smaller conical ; . 1 1 1- (> ha n 1 1. pioj il\ >|io no,

spherical segments) never exhibit a strati tied >tructure, nor do
they contain relics of any kind. In height they vary from
one to three feet, and in" diameter from fifteen to forty feet.

They are ran \ — p > h; p- • • u .— i-olat. d. u.-ualh < < < in dig in

sinuotts lines. The object in erecting them
is not obvious. Interest attaches to them only from the fact
that they are undoubtedly separated by measured distances.

The embankments are straight, about equal in width and
height to the small conical mounds, and their length is ordina-
rily from one hundred to three hundred feet, though they are
sometimes much longer. Their dimensions, some of which are
given below, are as constant, however, as the distances separat-
ing the conical mounds. Except in the very rare instances in
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which they may have been designed partly as fortifications, it

does not readily appear that they subserved any practical use.

This lias led many archasologists to infer that they were con-

nected with superstitious observances ; but it has occurred to

the writer—and the weight attaching to the view may be esti-

mated from a comparison of the dimensions given below—that

pose was to record the discovery of a linear unit, and,

in the absence of a written language, to perpetuate a system of

\^^mJ

W
The animal mounds are quite similar to those of other local-

3SOciated with the last two classes

of mounds. Tn the accompanying figure, three animal mounds
and three embankments are represented in their proper relative

positions. Though the variations in the arrangement
of different groups are so general that this cannot be called a

typical group, it may be taken, nevertheless, as reprefl
" f th'^e commonly observed. The animal mounds are fair

specimens of their class. All are so disposed around the bead
ol a ravine as to admit of the idea that they may have been

designed to protect an encampment or domicile. A
mile to the westward, on the same natural elevation,

' *

animal mound of large dimensions; and two miles t<

ward, at the termination of the same ridge, are two
ments, each forty yards in length.

i single

ie east-

rbUilk-
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The last three classes of mounds are commonly found on
ridges separating water-courses, though they sometimes occur
on " benches " and "bottoms." Few of the prominent ridges
on either shore of the Mississippi from Dubuque to the Minne-
sota line are free from them. Excavations from which the
earth forming any of the mounds may have been taken, have
never been found in this region, so far as known to the writer.

Mounds sometimes appear on rocky spurs, whither it would
seem their constituent materials must have been transported
from considerable distances.

Having had occasion to survey many groups and systems of
mounds, recording all measurements for the purpose of plotting
the works, the writer has been struck by the constancy of certain
dimensions and the harmony observable in all, whatever the
variation, indicating to a certainty the use of a unit of linear

measurement in their erection—a peculiarity which seems to
have been hitherto overlooked, so far as the mounds of the
Northwest are concerned. The use of such a unit being cer-

tain, it is possible, if not probable, that the consideration of the
results of many measurements of mounds may enable us to

determine the value of the unit. The most serious difficulty
in the way of such a determination lies in the fact that it is

almost impossible to ascertain the precise boundaries of the
embankments or the exact centers of the conical mounds—and
it is from these points that measurements must be made.

In order to exhibit the harmony in the dimensions of the
mounds, and to throw as much light as possible on the question
of the value of the Mound-builders' linear unit, a number of

measurements are here given. Most of them being made only
for the purpose of plotting the works, they are not strictly

accurate—i. e., in inches and fractions of inches—though prob-
ably as satisfactory as any measurements can be, owing to the

ility just mentioned of making any measurements cor-
respond precisely with those originally employed. Distances
are given in yards, as it is found that fractions rarely occur
when this unit is used.
One of the most extensive systems of mounds in northeastern

Iowa occupies the ridge or divide separating the Mississippi
and Turkey Rivers. The width of the ridge nowhere exceeds
a mile, and it is usually quite narrow. It rises from two hun-
dred to three hundred feet above the level of the rivers, and
terminates just above their junction in a perpendicular ledge
of Galena limestone one hundred and fifty feet high, twenty to
forty feet wide, and over a thousand feet 'long. The system of
mounds extends for six miles in a northwesterly direction from
this point, and consists of conical mounds, embankments, ani-
mal mounds, and perhaps tumuli. Beginning at the end of the
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SI

Composite (tw

connected I

. group extending along i
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Tail of animal (dog ?) mound,
whole length, 65 yards, break.

"Alligator" mound, 49 yards, 14 yds,

Composite, three conical, con-

nected by two embankments,

A group in the western part of Dubuque county, Iowa :

Embankment, 55 yards, 75 yds. Embankment, 40 yards, -

.

On comparing the dimensions of the fifty mounds we find
one of each of the following lengths, viz : 36, 38, 49, 55, 58, 60,
63, 65, 75 and 325 Yards (some of these, too, are of an anom-
alous character). Of 30, 32, 85 and 100 yards reap
there are two each; of 37 and 44 yards, three each; of 33, 35
and 50 yards, five each; and of 40 yards in length, eleven
mounds. In all there are twenty different dimensions. Com-
paring the spaces sepan we find that there are
°f 5, 8, 10, 16, 26, 31, 32, 35, 36, 38, 45, 65, 73 and 154 yards
respectively, one each ; of 33, 44, bb and 75 yards, two each ; of
14, 19 and 60 yards, three each ; of 28 and 50 yards, four each

;

of 30 and 40 yards, five each ; of 12 and 18 yards, seven each :

nine spaces of 25 yards, ten each of 15 and 23 vards, thirteen
of 17, and fourteen of 20 yards. In the one hundred and nine-
teen spaces, there are but thirty-two different dimensions.

-out in many cases the lengths of the mounds are equal to
the spaces between the mounds. Comparing both spaces an.

I

iierefore, we have one hundred and sixty-nine dimen-
sions f thirty-eight differ, i t v:,l ,-. . - follow: of 5, 8, 10, 16,
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26, 31, 45, 49, 58, 63, 73, 154 and 325 yards respectively, one

each ; of 36, 38, 65, 85 and 100 yards, two each ; of 14, 19, 32,

37 and 75 yards, three each ; of 28 and 60 yards, four each ; five

dimensions of 44 yards each, and six of 35 ; of 12, 18, 30 and
33 yards, seven each ; of 25 and 50 yards, nine each ; of 15

and 23 yards, ten each ; thirteen dimensions of 17 yards, four-

teen of 20 yards, and sixteen of 40 yards each. Obviously such

coincidences could not occur casually. Though the number
of measurements here recorded is too small to base any far-

reaching conclusions upon, they will afford a safe foundation

for investigations, as they have been selected at random from

many localities in different counties. A comparison of a larger

number of measurements would only tend to reduce the number
of values in proportion to the dimensions ; though there would
ultimately remain, of course, a considerable number of mounds
unique in size as well as other characteristics.

These dimensions seem to indicate that the unit employed
either was simply, or had grown out of, the pace, or yard. The
possession of such a unit would not point to a race of very high

intellectual culture, though to one widely removed from the

certainly known. The writer has sought vainly for evidence of

the use of measurements in the most northerly of the mounds.

His own examinations so far extend only to latitude 43° 30' N.,

and there the mounds are of constant or related dimensions.

The most northerly of the measured mounds are undoubtedly

Einnesota

If we assume a slow southerly migration to have taken place

in the Mound-builders, it will explain the evident increase in

geometrical knowledge attested by the various works found in

passing across the United States from north to south. Here we
have measurements of simple lines, but not of angles or areas.

In Ohio, angles were correctly measured, as we find from the

squares being accurate squares and the circles perfect circles ;*

and areas were measured, as attested by adjoining squares and
circles being equal or very nearly equal in area,f though there

is no satisfactory evidence that the cardinal points were then

known \% and in the lower Mississippi region the cardinal points

were known.§ The gradual modification in the various arms
and implements, and the striking improvements in pottery,

together with many other important considerations, lend sup-

port to this view.

Farley, Iowa, August 1, 1878.

3 Mississippi Valley," pp. 9, 56.

chapter descriptive of "Sacred

§ Ibid, pp. 116, 117.
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The Princeton expedition to the Rocky Mountains to observe
the recent eclipse, was organized early in the year, and its ex-
penses were mainly provided for by a liberal appropriation made
for the purpose by the trustees of the estate of the late John
C. Green. I have said, mainly, because we are also greatly

Iness of the managers of the Pennsylvania,
the Chicago and Alton, and Kansas Pacific Eailroads, and to
the American Express Company, for the free transportation of
persons and instruments, to the authorities of the State of

tor the loan of camp equipage, and to the Western
Union Telegraph Company for various courtesies. We are

j to Mr Edison, to Rutgers and Darl
Colleges, and to the observatory of Harvard College for the
gift or loan of apparatus.
Our principal object was to investigate the spectrum of the

corona and chromosphere— not only the visible portion, but
also, and esp - Me portions below the red and
above the violet. It was hoped that some new lines might be

' in tin^c porti.m-! bv the help of the thermopile,
photography or fluorescence, but in this respect, as will be
seen, our hopes were not fulfilled. Indeed we were well aware

outset that the chances were considerably against us,

it was quite likely, as it turned out, that the corona
would sympathize with the preset >f the solar
surface to an extent which would make the bright lines of the
corona spectrum unusually faint and difficult of detection.

Our party, under the charge of Professor Brackett and

sisted of ten persons when we left Princeton on
July 1st. We were joined in Missouri by another, and after
we went into camp at Denver by still another, making up our
proper party to twelve persons. Mr. Ranyard of the Royal
Astronomical Society was also with us as our guest, and
observed from our camp, and on the day of the eclipse we
""

l " assisted by several volunteers who came out from the
<% for the occasion.

Arriving in Denver on July 5th, we went into camp on the
fth m a grove on the bank of Cherry Creek about two and a

. Our" position was determined
-•nation made bv Messrs. Libbey and McNeill, con-

necting us with several well determined points in the city.

Assuming for the High School house in Denver, lat. 39° 45'
A*. Joub. Sci.-Thibd Series, Vol. XVI, No. 04,-Oct., 1878.
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00-6", long. lh 51m 45-2m west of Washington, according to the

lly furnished by the Coast Survey, the position of the

pier of our equatorial was, lat. 39° 48' 27", long. lh 51m 408 4

west of Washington. The other instruments were all within

150 feet of this. Our equipment was as follows : For time, we
had a sidereal box chronometer, with electric break circuit, by

m & Frodsham, No. 4121; also a mean time pocket

chronometer by the same makers, No. 5450. The rates of both

were small and very regular. Their errors were determined

every fair day by altitudes of the sun measured with a Pistor &
Martin's prismatic sextant and artificial horizon. It was only

rarely that we could get equal altitudes in morning and after-

noon, as the afternoons were usually cloudy even when the

mornings were fine. For chronographs we had two Morse
registers of the European pattern.

For the ordinary ocular observations we had : (1) A four-inch

telescope by Clark—the object glass of the meridian circle of

the Princeton Observatory—temporarily mounted in a rough

tube upon a very rude altitude and azimuth stand. It was

fitted with a Herschel solar eyepiece and power of about fifty.

Professor Brackett used this in observing the first and last con-

tacts. (2) A four-inch dialytic by the late Mr. Sage of Orange,

N. J., equatorially mounted. This instrument was kindly

loaned by Mrs. Sage at the request of Professor C. Gr. Rockwood,
who observed with it the first and last contacts, assisted by Mr.

J. C. Grant. (3) A telescope of two and three-fourths inches

aperture, the object glass, by Clark, belonging to the Princeton

transit instrument, mounted upon a rough equatorial stand,

and provided with a screen for observing the projected image

of the sun. (4) A comet-seeker by Fitz, six inches aperture

and about forty-six inches focus, with a curious air:

of two eyepieces: power 19-5. This was mounted upon a tri-

pod with altitude and azimuth motion. It was used by Mr.

Malcolm McNeill during totality in sweeping for intra-mercu-

rial planets, but without success.

After totality the large equatorial of the Princeton Observa-

b >*7i ha \ ; - es aperture and twelve feet focus,

was used by myself with the Merz polarizing eyepiece and power
"£ 250, in observing the cusps and the moment of last contact.

For observing the visual spectrum of the corona four instru-

ments were provided. (1.) The larjr equatorial with clock-

work just mentioned. This was fitted with a single-nnsia

spectroscope, and fluorescent evepiece, having a film of solution

of JvM-ulin about 1mm. thick. With this' the dark lines of

the ordinary solar spectrum could be easily seen as far as 0,

and with precautions I could see even farther. The eyepiece

could be set axially as well as obliquely. I used this in.-tru-
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pent myself during totality. (2.) The finder of the equatorial
is a fine telescope of three inches aperture. To this was fitted

a spectroscope with a diffraction grating on silvered glass by
Kutherfurd, 17,280 lines to the inch. With this I observed
the first contact, and the behavior of the spectrum up to
totality. During totality it was not used. I was assisted during
the eclipse by my son, Mr. C. I. Young, who pointed the tele-

scope and made my records.

(3.) A single-prism integrating spectroscope mounted equa-
' ith an opera glass in front of the slit as a condenser.

The collimator and telescope had each an aperture of two and
a half inches, and a focal length of twenty-six and a half. The

Hlly loaned for the occasion by Professor Emerson of
Dartmouth College, had a refracting angle of forty-five degrees,
and faces two and a quarter by two and a half inches. It was
mounted, not at the angle of minimum deviation, but in such
a way that by moving a lever it could be slightly rotated so as
to throw the spectrum across the field of view. The whole
was mounted equatoriallv, but without clockwork, and was
committed to Mr. C. D. Bennett. (4.) An integrating spectro
scope of high dispersion by Grubb. This had telescope and

" of one inch aperture and twelve inches focus, with a
train of dense sixty-degree prisms, varying in number at
pleasure from ten to four—six were used during totality—it

was fitted with an opera-glass condenser like the preceding.
The dispersive power was too great, and nothing at al! was
seen with it by Mr. H. S. Smith who had it in charge.

(5.) For the observation of the spectrum-images of the corona,
a shtless spectroscope of peculiar arrangement was employed,

ted specially for the purpose by Clark & Sons. Two
small telescopes, precisely similar, each of two inch aperture
and fourteen inch focus, with a magnifying power of ten and a
naif were placed parallel to each other upon a board, and in
front of their object glasses were secured two thirty-degree
pnsms each four and a half inches long by two and a quarter
wide. One face of the anterior prism was set so as to be per-
pendicular to the incident light, and one face of the other

fcBe optical axes of the telescopes.
The whole affair was mounted equatoriallv upon a post by
Professor Rockwood (who had charge of the instrument) in a
very ingenious manner, so that the plane of dispersion could
be altered at pleasure. The three inch telescope before men-

- attached to the same stand and arranged for polari-

rvations during the totality, but Professor Rockwood
did not get time to use it. During the totality, Professor

also examined the coronal images as seen by looking
,'-::. :'

We dispersion.
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Our photographic attack upon the corona spectrum employed
four instruments. (1.) A spectroscopic camera witli diffraction

grating of 8640 lines to the inch, the ruled surface two and
one-fourth by one and three fourth inches. The collimator

had an achromatic lens of three inches aperture and about forty

inches focus ; the slit was about three-fourths of an inch long,

and so arranged that one-half of it could be uncovered at a

time, for the purpose of securing the dark lines of the solar

spectrum as reference marks by a short exposure of one-half

;he slit after totality, the other half having been exposed du

light

ated upon the slit by an opera-glass condenser with

quartz lenses. The whole was equatorially mounted upon a

post. With sunlight this instrument gave strong and beauti-

fully defined impressions of the spectrum from F to O with ex-

posures of between one-fourth and one-half a second ; but the

plate exposed through the whole of the totality showed no trace

of action, to the great disappointment of Mr. W. Libbey, Jr.,

who had charge of the instrument and undoubtedly got from it

all it would do.

(2.) A prismatic camera, consisting of a slit, a prism and a

single quartz lens of ten inches focus. This instrument also

had an opera-glass condenser, but of glass lenses, and was
mounted equatorially upon a post. The rays from the slit were

not rendered parallel before passing the prism, the lens being

between the prism and sensitive plate. The slit of this instru-

ment was arranged so that exposures of different lengths could

be given to different adjacent portions of the plate. It gave

impressions even more quickly than the preceding in full sun-

light, but like it, failed to give any result during totality, not-

withstanding the skillful management of Mr. W. W. McDonald,
to whom it was intrusted.

(3) and (4) were shitless spectroscopes mounted together

upon an equatorial stand kindlv loaned to us by Professor

Pickering, of the Harvard College Observatory. Professor

Brackett, with great skill and ingenuity, attached to this an

excellent clockwork compiled fo !v from the

movement of the chronograph of the Princeton observatory.
In one of the instruments the dispersion was effected by a

speculum -metal grating of 17280 lines to the inch, with a ruled

surface two and one-fourth by one and three-fourth inches. In

the other a sixty-degree prism of white flint was used. The
image-forming lens in each case was an achromatic of about
two and one-half inches aperture and twenty -four inches focu*.

About eight minutes before totalin . the diffraction instrument,

with a five-second exposure gave "a fine spectrum, but neither
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of them succeeded during totality. Professor Brackett, assisted

by his wife, took this double instrument as his special * -haiyc\
though he besides bad the entire management and oversight of
all the photographic work ; and not only so, but nearly every-
thing that was ingenious in contrivance and skillful in execu-
tion was his also.

For photographing the corona, we had a six-inch telescope
bj Clark, with an object glass specially corrected for the actinic

rays, loaned us by Professor Pickering. This was mounted
upon an equatorial" stand with clockwork, lent to us by Eutgers
College. Mr. G. H. Calley was put in charge of this instrument
and obtained with it three fine pictures of the corona with ex-
posures of ten, fifteen and twenty-five seconds respectively. A
plate which was to have had forty seconds exposure was un-

•

Only one instrument remains to be mentioned, that with
which we attempted to explore the infra-red portion of the
spectrum. It was a spectroscope, with thermoscopic apparatus
substituted for the retina. A tube about five feet long carried
at the upper end a slit two in.-lu-s l.ui- taken from a Duboscq
electric lantern. At the lower end of the tube was mounted
a large spectrum-metal diffraction grating 5760 lines to the
men, in such a manner that it could be slightly turned by
moving a long lever. In front of the grating was" fixed a two-

rtz lens, at the end of a bifurcated tube, suitably dia-

phragmed, and carrying at the other end a delicate line ther-
:

;i ' and a tasimeter. The whole apparatus was attached to
a board equatorially mounted. In a large box close at hand

tl reflecting galvanometer, con-
structed by Professor Brackett specially for the purpose—as,

indeed, was also the thermopile— both galvanometer and ther-

listinctly superior to anything we could otherwise

We had relied mainly upon the tasimeter, which Mr. Edison
himself constructed, and gave to us, with a wholehearted gen-
'• '"-i"-. which deserves and has our sincerest thanks. We

the instrument, however, only the day before leaving

when we came to experiment in the field we found
possible to do anything with it without completely

tus, which there was no time to

Whenever the direction of the i..„„ „
keep the collimeter pointed to the sun, the whole adjustment of
the tasimeter was destroyed. It needs to stand unmoved upon
a firm foundation, while the rays under investigation are
brought to it by reflection. Under the circumstances we were,
therefore, obliged to rely wholly upon the thermopile.

Mr. A. D. Anderson managed the lever which moved the
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grating and observed the galvanometer, while Mr. Taylor, of

Denver, who joined us for the day, directed the collimator.

Doubtful indications were obtained of a heat line having a

wave length of about 8540 of Angstrom's scale.

Of the instruments described the large equatorial was
mounted under a sort of railroad car, which could be run off

on a track so as to uncover the telescope when wanted. The
photographic telescope and Professor Brackett's instrument were

in a separate house, which also contained the phol

dark room, the telegraphic apparatus and chronometers. The
other instruments were so arranged that they could be easily

dismounted and brought under shelter when necessary.

The weather was very unsatisfactory for most of the time

between our arrival upon the ground and the eclipse, especially

for the ten days immediately preceding. The mornings were
very generally clear, but by eleven o'clock the sky would be
more or less completely overcast with heavy cumuli rolling

down from the mountains, and in the afternoon there would
be thunderstorms, sometimes of great violence. But the day
of the eclipse was almost perfect; there were no clouds except

one or two little fleecy things which kept out of our way, and
a heavy bank over Long's peak, just where it was wanted to

bring out the effects of the advancing shadow.

Observations of Contacts, etc.

The first contact was noted by Professor Brackett with the

four-inch telescope at 2h 19m 43 s-
3, local time. By myself,

with the spectroscope attached to the three-inch finder of the

equatorial, the moon was first certainly made out encroaching
upon the chromosphere at 2 h 19 U1

:::,-. and contact with the

limb was noted at 2h 19m 468>
0, both local time.

Professor Rockwood with the four-inch dialytic, power 100,
noted the first contact as having occurred—a past event—at

2h 20m 078
-8, local time. He remarks, "I was conscious that

this was too late by certainly several seconds." The instru-

ment was not provided with a"convenient means of marking the
place of contact, which occurred at a point not exactly where
it was expected. No observations were made of second and
third contact. The last contact was noted bv Professor Brackett
at 4h 35m 108

-7 ; by Professor Rockwood at 4b 34m 53 8'8 ; by
myself, with the nine and a half-inch telescope, full aperture,

_ eyepiece and power of 250, at 4h 35m 148-5—a very
satisfactory observation.

It will be remembered that the error of the standard chro-

nometer was determined by sextant observations upon the sun,

and the local time is therefore uncertain to the extent of at

least 15 seconds from this cause.
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During the progress of the eclipse, before totality, Professor
Eockwood looked carefully for any such phenomena as brushes
of light at the cusps, and alter totality both Professor Brackett
and myself joined him in the examination with our instru-

ments, but nothing abnormal was seen by either of us. With
the large equatorial the definition was most of the time very
fine indeed.

Fringes.—Mr. McNeill, who was in charge of the comet-
seeker, observed them hurriedly as totality came on. He
says: "On the approach of totality I observed a series of

shadows parallel to each other, somewhere about five inches
wide and three feet apart. They extended from southwest to

northeast, and moved in a direction perpendicular to this

toward the southeast, at a rate of some eight or ten miles an

Mr. Smith dso .-; \ t! - ai id gives the following account of

them :

a During the last thirty seconds of totality, when look-

ing to see if my instrument was properly pointed, I saw a series

of black shadowy bands moving in a direction contrary to the
moon's motion. They were about three inches in breadth and
about two feet apart] and their length was at right angles to

their line of motion. After totality 1 measured approximately
the direction of their length and found it to be about north
thirty east. In the limited field of view that I had these lines

appeared to be straight, but not even, looking as if made up
of crescents having their points overlapping. 1 did not look
at them for more than a few seconds." Mr. Smith also informs
me verbally that the velocity of movement rather exceeded a
very fast walk—say from five to six miles per hour—also that

the dimensions by measuring, the next morning,
upon the ground, the distance between objects over which the
fringes passed simultaneously. The fact that the movement
as he saw it u.-,^ just ..[ p. ..-it.-' to Mr. McNeill's impression, is of
course noticeable. Perhaps the explanation may be connected
with the fact that one observed at the beginning, and the other
at the end of totality. Mr. Pickering, however, who though
not of our party observed in our enclosure, described the

movement as vibratory rather than progressive.

Spectroscopic Observations.

"0 spectroscope.—I observed the first contact with the
diffraction a ed to the finder, and after that,

during the progress of the eclipse, I gave a most careful
scrutiny to all the principal dark lines of the spectrum to

ascertain whether there was any absorptive action to be de-

tected at the moon's limb. I tried spectra of various orders.
so as to give both extremely low and extremely high disper-
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sion, but in all cases and with all the lines found only one

emphatic negative result.

About ten minutes before totality the number of chromo-

sphere bright lines, vi - aent began to increase.

1474, the b.s and others in that part of the spectrum began to

be conspicuous, and I turned my attention to the sing]

int with the fluorescent eyepiece. At this time I found

I could see the dark lines quite to 0, and rather better than be-

fore the eclipse began. I adjusted the slit tangent to the

expected point of contact, and brought to the center of the field

the portion of the spectrum between D and E, the field extend-

ing from about C on one side to above F on the other. At the

moment when totality began, the field was filled with bright

lines, which came into brightness, not instantaneously, but

brightening perhaps half a second, remained steady nearly a

second and then faded out and disappeared, not all together but

successively, most of them being lost within two seconds of

their first appearance, while some lasted three or even four

seconds. After this there remained bright in the field C, D 3 ,

1474 and F. No lines could be seen between D 3
and 1474. I

immediately began to work the tangent screw to bring down
the ultra violet into the field, and while I was doing so, my
son accidentally let the image of the corona get oft

slit, and as it moved off I noticed the persist! u \ ot 1 ±74 stfn

visible in the edge of the field to a distance of at least ten

minutes from the limb. F disaj Be not much
more than five minutes. There was a little difficulty in re-

pointing the instrument, as the slit could not be easily seen,

though the image of the corona was fairly bright. While my
son was bringing things to place I looked at the eclipse for

perhaps ten seconds and saw the polar streamers of the corona,

but did not notice the equatorial oi < - ami wu rprised at not

seeing them. I also noticed a quivering of the air along the

telescope tube. The corona seemed to me much less

than in 1869 and 1870. Applying my
n to the eyepiece I worked up as rapidly as

t, and tried every device I could think otiolet, and tried every devi<

there, but without success, though there

a faint continuous spectrum. In a few seconds the totality

ended, its termination being heralded by the reversal of the

two H (calcium) lines as the image of the prominences and

chromosphere fell upon the slit. I had never been able to see

this before since my first observations of the same thing in

1872, at Sherman. I saw no other lines reverse at close of

totality.

The observations were greatly facilitated by the count of

seconds which was kept up with perfect steadiness and accuracy
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by Mr. W. H. Pierce, of Denver, who kindly volunteered to
assist us in this way. Starting his stop watch at a sig

by Professor Eockwood, he beat once in two seconds with a
small hammer upon an anvil so as to

" *'

the whole ground, and called out e

every observer knew precisely how i

disposal. With the :

' *

Bennet saw j

onds F and 1474, andlhese only—he could not see C—why, I
cannot imagine, but with nearly the same instrument Mr. Abbay
I'ad

;' similar experience in Spain in 1870. During totality the
continuous spectrum was too faint to show the spider lines.

Pour seconds before the end of totality 1474 "shot out " again,
followed by the bluish green line, whic-ii was seen to change
into the dark line F. F was much brighter and bi

14,4. No dark lines could be seen, nor indeed lines of any
kind except the two named, and that only for a few seconds at
beginning and end of totality.

With the six-prism Grubb spectroscope, Mr. Smith could see
absolutely nothing.

hbtU.ss
Y">//' v-fvy^.—Professor Brackett reports his observa-

tion as follows: " About thirty-five seconds of the totality had
passed when I had put my plates in their places and waited
for quiescence and exposed them. My eye of course was in its

most sensitive condition as I had «m. The
hrst thing I did, therefore, was to take a iar-<- diiv.-t vision prism
having neither slit nor telescope, and look for rings. 1 saw
none but did see elearh the toll .wing that were very dear and
distinct. A line in the red, one in the yellow, one in the green
and a fourth in the violet [? blue]. All these lines were clear
and sharp as long as I continued to look, perhaps ten or fifteen

seconds. They were not to be seen at any considerable distance
from the moon, and on tfrab, extending over
an arc of about 120°." Of course the lines seen were C, D 3J
H.4. and F. Professor Eockwood used the binocular instru-
ment described previously. I give 1 is inter, stin- report in his
own words and in full. "As totalin ;,;>, rone ied I went to
the binocular and by help of a dark p] gs watch I the spectrum
of the sun's crescent seen there, having placed the instrument
so that the plane of dispersion of the prisms was perpendicular
to the line of tin- cusps. I had \ . telescopes
carefully upon the distant mountains, and dm ng tot iin th s

locus was not changed. Some considerable time (probably
eight or ten minutes) before totality I was able to see the

it dark Fraunhofer lines, the number of these in-

creased until just before totality, when the crescent was very
narrow. I had a bright continuous spectrum some ten minutes



lit and t

288 C. A. Young— The Solar Eclipse.

wide, showing, as it seemed to me, the full solar spectrum with

all its dark lines as when a slit is used. These lines were so

sharp and distinct that I counted and noted five distinct dark

lines between the two H's. At this time, and before, I noted

also a bright band in the neighborhood of h, which may have

been due to H<5 or may have been owing to the absorption of

the dark glass I was using, a London smoke. When the light

was sufficiently reduced, some fifteen seconds or so before

totality, I dis _iass, and moved my eye so as to

see only the violet end of the spectrum and then followed it

down toward the red, as fast as the fading brightness of the

light would permit, until I was able to see the whole spectrum

about covering the field of my instrument.
" At the commencement of totality I was thus watching the

dark lines, when suddenly the sun's disk was entirely covered

and I saw a number of bright crescents crossing the still visible

continuous spectrum. They projected on both sides beyond

the continuous spectrum, being certainly fifteen minutes and

perhaps twenty minutes long. They showed upon them
1

imminences. I noted two small ones near the south

three larger near the north limb, the most northern

one naving a hook form. I failed to get note of ichut lines

these crescents belonged to, but immediately afterward I put

down from memory these—near B(?), C, D3, 1474, F, (Hr). On
the appearance of these bright crescents I gave the word to

Mr. Pierce to begin counting. I continued to watch them and

the continuous spectrum, looking for the latter to break up

into rings. The moon gradually covered the crescents, leav-

ing still the tops of the prominences visible as bright points

seen in several colors. When these points were almost

covered I called "stop"' to Mr. Pierce, and found afterward

from his watch that two minutes twenty-eight and a quarter

Beeonds had elapsed since I first saw them. But by this time

the prominences on the western limb had begun to be un-

covered, and in a few seconds the northern ones had joined in

a long sierra, and then I had a new set of crescents in view.

Of these I noted the following lines : near B, C, D„ 1474, F,

Hr, H„ H2. These all showed clear and bright, and in addi-

tion there were four or five fainter ones between F and Hr
which I could not locate exactly. Those named did not differ

much in brightness, and I did 'not notice but that the forms of

the prominences were the same in all, still I cannot be positive

about that.

"The spectrum of the corona during all of totality was con-

tinuous and tolerably bright. I saw no dark lines crossing it,

but did not look particularly for them and should not expect

to see them with mv in^nnn-ht. ft did not show any bright
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rings. I looked most carefully for them, expecting to see
them. Once about the middle of totality I thought I saw
traces of a ring about where 1474 ought 'to be, but a second
look did not confirm the impression. The continuous .spec-

trum seen during totality was somewhat wider than the moon's
disk, but I cannot say how much, nor can I tell just when it

assumed the greater width. Before totality it was quite nar-
row and the bright crescents projected on both sides beyond it.

But I remember that in looking for the rings I expected them
to be seen upon this spectrum and not to project beyond it
I did not take my eyes from the instrument daring totality,

my intention being to see these rings if there were any to see,

and my first feeling when totality was over was one of failure

because none had been visible."

Thermofscoplc obvrvatinns.—Mr. A. D. Anderson reports his

observation with the tl ii Jlows : "As soon as
the corona appeared tl tor) was pointed to it,

the slit opened, the gal I, and the lever which
turns the grating moved so that the spectrum from the orange
through the ultra-red traversed the face of the pile. When
the extreme red was reached the lever was moved back- to its

original position. During totality the instrument was pointed
four times to the corona, and four observations were made.
The only result obtained was during the third observation when
a decided deflection of the galvanometer index was noticed, in
the direction indicating heat, from 54 to 57"5 on the scale, the
index returning to its original position as the lever was moved
past the point. A precisely similar and equal deflection oc-
curred when the lever on the return stroke reached the same
point." The position of the lever at the moment of the deflec-
tion was carefully marked, and after the eclipse it was found
that a point in the spectrum of the second order just above G
was upon the face of the pile. This would tend to indicate a

the ultra-red with a wave length twice that of the
coincident blue light. At the same time it must be admitted
that the conclusion is doubtful, for, though it is not easy to

i a coronal heat line could have
produced the observed deflection, it is equally difficult to ex-
plain why the three other sweeps across the spectrum failed to
show the same thing.

It is proper that I should here add that the American Acad-
emy of Sciences at Boston had placed at our disposal a consid-
erable appropriation for this thermoscopic research; thanks,
however, to the industry and ingenuity of Professor Bracket*

:

wj: our apparatus, the generosity of Mr. Edison in

38 .»} our railroad friends in
the matter of passage and freights, and the liberal scale of the
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original appropriation of the Green Trustees, it was not found
necessary to draw upon this fund, though we are none the less

grateful for its provision.

I need not occupy much space with a discussion of the pho-

tographic work. I think we failed in obtaining the desired

results, simply because the lines we hoped to find in the ultra-

violet did not' exist there on this occasion, though it is of course

certain that lenses of more light-gathering power would have

increased our chances. That there was no fault with the

chemicals and the manip i atioi - is t vident from the splendid

success of Mr. Calley's pictures of the corona. In twenty-five

seconds he obtained a far more extensive and better photograph
than the same instrument gave in 1870 at Jerez with an exposure

lasting through the whole totality, more than two minutes.

I ought not to close without a word of recognition of the

courtesy and helpful kindness of our Denver friends. I do not

know what they could have done that they did not, to aid us

in our work and make our stay among them pleasant

Princeton, September 6, 1878.

Art. XXXIIL—On a Cause for the Appearance of Bright Lines

in the Solar Spectrum: bv 11a ha M i
, .. v. F.R.A.S.,

F.C.S., &c *

In July, 1877. Professor Henry Draper showed that oxygen
and (probably) nitrogen are present in the sun's atmosphere, the

spectral lines of these gases appearing as bright lines in the solar

spectrum. The photog ing Professor Drapers
pa

|

km-. f shows that the oxygen lines are bright, although not

conspicuously so, upon a less luminous background.
The discoverer of this most important fact in solar chemistry

does not offer any complete explanation of the exceptional

behavior of the lines of these elements, but remarks that " it

may be suggested that the reason of the non-appearance of a

dark lino may be that the intensity of the light from a great

thickness of ignited oxygen overpowers the effect of the pho-

tosphere, just as, if a person were to look at a candle flame

through a yard thickness of ignited sodium vapor, he would
only see bright sodium lines and no dark absorption lines.

Of course such an explanation would necessitate the hypothesis
that ignited gases such as oxygen give forth a relatively large

proportion of solar light."

The oxygen spectrum referred to in the above-mentioned
paper is the well-known ''line spectrum" seen when powerful

* Prom Phil. Mag. for July, 1878. f Nature, xvi, 364, August 30, 1877.
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disruptive sparks pass through the gas. Dr. Schuster has
recently succeeded in obtaining a second or "compound''
spectrum of oxygen,* the fundamental lines of which he has
Miown with considerable certainty to be present as dark lines
in the solar spectrum.

Since the publication of Professor Draper's discovery, I have
' ~"3h attention to the consideration of a cause for the

• anomalous brightness of the oxygen lines ; and in

t paper I venture to ad van* can explanation which has
recommended itself as being worthy of notice, not only because
it offers a reconciliation of the known solar spectrum with the
generally accepted views of the constitution of the sun's atmos-
phere, but likewise because it furnishes a suggestive hypothesis
for the attack of many other obscure problems in solar physics.

1. I shall throughout this paper consider it to be established
that the gaseous envelopes surrounding the sun succeed each
other in the following order, commencing with the lowest

:

(1) Photosphere; (2) Eeversing layer; (3) Chromosphere;
(4) Coronal atmosphere.
I also assume the truth of the hypothesis, first advanced by

Johnstone Stoney,f who showed, from purely theoretical con-

is, that in the sun's atmosphere the various elements

as their vapor densities. This view has, in my belief, been
substantially confirmed by subsequent observation. Thus ni-

\ oxygen, having the respective densities 14 and 16
(H~l), would extend to a great height in the solar atmosphere,

ve sodium, calcium and magnesium, and having ex-
terior to them the unknown substance giving the D3 line (heli-

< >gen, and the element giving the coronal line " 1474."
2. Two suppositions can be made concerning the sun's tem-

perature. In the first place, it may be assumed that the tern-

ted that no chemical compound
is anywhere capable of existing in his atmosphere ; in other
words, dissociation may be considered to be complete. In the
next place, it may be supposed that the temperature falls off

,4" 1 ~ ~\ some region of the outer portion of the sun's

:>r certain chemical combinations to take place.

us first assume that the temperature of the sun is so
great that there is perfect dissociation throughout his whole

•• Under these circumstances free oxygen would
foe presence of electro positive elements; and, in

Lockyer, Phil.

t;
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the sun's atmosphere, rising as a necessary consequence, into

regions which are cooler than that stratum which is cool enough
to reverse the spectral lines of those metals having the smallest

molecular mass, viz: Na, Ca and Mg.* Professor Draper's

suggestion that the enormous thickness of incandescent oxygen
may overpower the light of the photosphere, can only hold

good, when considered in connection with this hypothesis, if

the temperature of the upper portions of the oxygen atmosphere

does not differ to any great extent from that of the lower and
hotter portions. When, however, we bear in mind the com-

v low vapor density of oxygen, and consider at the

> what an enormous height the hydrogen atmosphere

: appears probable that the height reached I -.

ich that the temperature of the upper portions of

ild be considerably lower than that of the subjacent

would be

layers ; so that any excess of radiation over that of the photo-

.ven out by the hottest portions of the incandescent

oxygen would be obliterated by the absorption of the cooler

portions above.

[The same reasoning can be applied if we suppose that the

temperature of the oxygen falls off at some particular level

;

so that above this boundary the state of molecular agg
of the gas corresponds to Dr. Schuster's "compound line" spec-

trum, while below this boundary the greater heat of the gas

resolves its molecules into the atoms giving the ordin

spectrum. The effect of this state of affairs is practic

same as would be brought about by annihilating a certain por-

tion of the upper oxygen layers, since the two different molec-

ular states of the gae , liar spectra. We are

thus reduced to an oxygen atmosphere of smaller extent, and

the foregoing reasoning obtains.]

Angstrom suggested f that the non-appearance of the

and nitrogen in the solar spectrum might be iof oxygei
counted for by supposing that, at the temperatu
the specific absorptive power ,of these gases may be insufficient

to reverse their spectra. This view, however, equally fails to

account for the brightness of the lines in question.

4 Let us now make the not improbable assumption that the

temperature of the sud's nucleus, photosphere, and reversing

layer is so great that dissociation is perfect throughout these

* Stoney has shown 'Proc. Roy. Soc.,
"

1 only small quantity, wil

oxygen and nitrogen may e

quantity, will nevertheless (
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regions, but that somewhere in the higher regions, or above
the chromosphere,* the temperature falls off sufficiently for
some kinds of chemical combination to take place—sav. i'u the
present instance, for oxygen to combine with hydrogen. Under
these circumstances we should have, concentric with, and ex-
terior to, the chromosphere, a zone of combustion where oxy-
gen and hydrogen, already at a very elevated temperature,
enter into combination and become thereby raised to a state of
more vivid incandescence,f All elements which, by virtue of
their small vapor density, extended into the region of com-
bustion, would be raised to incandescence by contact with the
flaming gases, if not actually taking part in the combustion.
Thus, according to the present hypothesis, we would not ex-
pect to find in the solar spectrum the bright lines of elements
having a high vapor density.

5. The possibility of combination taking place in the higher
regions of the sun's atmosphere is admitted by Stoney4 who
states that "gases in the solar atmosphere which are kept
asunder by the temperature of its lou ei straw m iy be able to
combine in the cooler regions above." Such combination,
although arising from the cooling down of gases previously at
a temperature of dissociation, would nevertheless be attended
with the evolution of heat, and would possess the character of
true combustion. Professor Draper also remarks, in the paper
before referred to,§ that "diffused and reflected light of the
outer corona could be caused by such bodies (oxygen com-
pounds) cooled below the self-luminous point."

6. The following considerations appear to give support to
the view that oxygen extends into regions sufficiently reduced
in temperature for combustion to take place

:

The region which is called the chromosphere is distinguish-
able as such through what may be called an optical accident

:

!t
fa that zone of incandescent hydrogen which is rendered

visible by the telespectroscope ; the true boundary of the hy-
drogen atmosphere lies far above the visible chromosphere ; and
from this latter zone outward the temperature falls off rapidly.

* It is generally admitted that the true height of the chromosphere is consider-
ably greater than that seen by means of the telespectroscope, since the amount of
aispersion necessary to weaken the scattered light of our atmosphere must
weaken and shorten the hydrogen lines by which the chromosphere is revealed

t It is well know flame does not show the lines of e
of the burning

j
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Now it has been well established by observation, that metals

of great molecular mass, such, for example, as those of the iron

group, are frequently thrown high up into the chromosphere.*

Thus, if gases of great vapor-density are occasionally injected

into the chromosphere, gases composed of molecules of com-

paratively small mass, such as those of oxygen and nitrogen,

would probably extend permanently into regions far above the

chromosphere, 'and which are therefore at a much lower tem-

perature than that zone.

The elements chiefly concerned in producing selective ab-

sorption in sun spots, as shown by the local thickening of their

spectral lines, are all elements of high vapor densitv compared
with oxygen—viz : Na, Mg, Ca, Ba, Fe, Ni, Cr and Ti ; from

this it appears that the disturbance.- producing these phenomena
must extend low down in the chromosphere. The band spec-

tra occasionally seen in the nuclei of sun spotsf appear to indi-

cate that in these regions the temperature is sometimes suffi-

ciently reduced to admit of the formation of compounds. If

therefore the temperature of the solar atmosphere above the

spot layer is low enough to permit of chemical combination

taking place,:}: even when the portions of the atmosphere con-

cerned are swept down into the subj; e<-nt -pot envity, it follows

that the layer into which oxygen extends (which, as we have

seen, must be far above the spot layer) would likewise be cool

enough to allow of the formation of compounds.
7. It will help to give greater precision to the hypothesis of

a zone of combustion, if we follow the course of a ray of light

supposed to be emitted by the photosphere and received in the

spectroscope of a terrestrial observer. Passing through the re-

versing layer, the ray undergoes that selective absorption which

gives rise to the Fraunhofer lines ; and if its spectrum could be

* Lockyer, Proc. Roy. Soc, xviii; Young, Journ. Frank. Inst., Sepl

Oct., 1870: al-
| sad vol vii. p. IT: :i

L d. Line, 1872 ; Tacchini. Comptes Rendus, lxxvi, p. 829 ; H. C. VogeL

l the spectrum

efrangible li

"'
ace of three or four K

ibody: indeed ti

r the spot nucleus j



R Meldola—Bright Lines in the Solar Spectrum. 295

examined immediately after its emergence from this layer, the
oxygen (and nitrogen) lines would appear dark, but less con-
spicuous than the metallic lines, for reasons which will be entered
into later on in this paper.* After traversing the chromosphere
the ray reaches the zone of combustion, in which region, owing
to the increased temperature, the lines of all elements which
extend so far would tend to be reversed into bright lines of

radiation.f

[I say "tend to be reversed," because whether they would
become so depends upon the specific absorptive power

of the elements concerned for the rays in question. Thus, let

there be two gases, A and B, of which the spectral lines are
Aa, A/}, A7 and BQ, B/3, Ay respectively; and let the specific

! power of A be greater at a given temperature than
that of B. Imagine A and B to be raised to incandescence,
and placed in front of a source of white light at a higher tem-
perature, and let this combination be called the "first system."
On examination we should see the continuous spectrum crossed
by dark lines, Aa, A/?, Ay, Ba, Bji and By, of which the first

series would be darker than the second. Now conceive the

Pftd ation of the whole system to be weakened by general
absorption or by removal to a distance. The lines of B would

pear; so that if we imagine a mixture of A and B
(''second system ") to be heated to incandescence and placed
between tlie first system and the observer, the B lines might
appear bright on a background of continuous spectrum, while
the A lines remained dark, although weakened by the radiation
of the second layer of mixed gases.]

Thus, if the sun's envelopes exterior to the zone of combus-
tion could be stripped off, we should see the solar spectrum
with the lines of oxygen (and nitrogen) bright, and the hydro-
gen lines probably dark but much fainter than now seen.

8. The reversal of the oxygen (and nitrogen) lines into

ies by the increased temperature of the region of com-
bustion is rendered possible, even with the intense light of
the photosphere as a background [and if, as most probably

ure, vol. xvn, p. 148). xne recent ooservanons oi j_.ocKyer upon
xrtrum (Proe. Roy. Be ihow that the tem-

with jar and a large tore which I am dis-

i would produce a state of molecular dissociation corresponding to

rum. Should this he the case, the higher portion o
>usly he left out of consideration, so far as relates t

me spectrum of oxygen.
:• Jona. Sct.-Third Sbbies, Vol. XVI, No. 94.-0<
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would he the case, the temperature of the said region of com-
bustion is lower than that of, the photosphere], because the

ne almost its maximum
amount of weakening before reaching the zone of combustion,

not only on account of the distance of this last region from the

photosphere, but also because of the absorption, both selective

and general, which the light has undergone in passing through

the intervening reversing layer and chromosphere.
9. We have next to turn our attention to that part of the

sun's atmosphere exterior to the zone of combustion, in order

suggest is based upon a wide <urvey

of the general spectroscopic characters of the elements.

10. At the temperature of incand< scent th<

lines in the spectra of any elements which are compared may
be of very different intensities. Thus Cappel has shown,* by
a series of quantitative determinations made at the tern]

of a Bunsen burner and of an induction spark, that very differ-

ent amounts of the metals experimented upon can be detected
' y means of the spectroscope. The characteristic lines of an

element are those which Lockyer has shown to be the longest.

nig such facts by the aid of the molecular theory of

\ making due allowance for the fact that the charac-

tnes of the spectra being compared may occur in parte

of the spectrum not visually comparable so far as regards inten-

sity), we should say that some kinds of molecules can have

itemal vibrations more readily excited than is the case

with other kinds. From the relationship which exists between
radiation and absorption, it follows that molecules which have
the most sensitive radiative organization have likewise the most
sensitive absorptive organization.

11. The non-metals are distinguished, as a group, from the

metals by the greater complexity of their spectra (which more
resemble the band spectra of compound bodies), and also by
their comparative insensitiveness to the spectroscope. Many
of the metals are known to give band spectra at low tempera-
tures

; but these break up into line spectra at high temperatures.
On the other hand, the band spectra of many non-metals bear

i res high enough to break up the band spectra of

tliout being resolved into line spectra. We might
n:us have a mixture of two vapors, one metallic and the other

uon-metallic, at the temperature of incandescence, the former
giving a line spectrum and the latter a band spectrum. If we
imagine the temperature of such a mixture of vapors to be

raised to the point at which the band spectrum of the non-

* Pogg. Ann., cxxsix, 628 (1870).
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metal breaks up, we should get a line spectrum from both ele-

ments; but the metallic lines would be more intense* than
those of the non-metal, owing to the greater sensitiveness of the
metallic molecule. We should thus have realized the condi-

tions laid down in a former paragraph (7), where A would then
represent the metallic, and B the non-metallic vapor.

12. It now remains to show the applicability of the foregoing
principles to the case under consideration.

The oxygen and hydrogen of the sun's atmosphere will, for

the sake of simplicity, be exclusively considered. These gases
represent the metallic and non-metailic vapors of the last para-

graph. The photosphere, reversing layer, ami chromosphere
represent the "first system ' of paragraph 7—i. e. the source of

of two vapors of different specific

: powers in front. The oxygen and hydrogen of the
zone of combustion represent the second layer of incandescent

'aragraph 7, supposed to have been placed in front of
the first system, the total radiation of which is imagined to have
been weakened by general absorption or by removal to a dis-

tance. It has been shown in paragraph 8 that the total radia-

tion of the photospher igone a great amount
of weakening from both these causes. Thus the spectrum of a
ray which reaches the zone of combustion would exhibit (sup-

posing the zone of combustion and all

:n and hydr w
those of thelatter. The a

of the incandescent gases of the zone of combustion upon such
a spectrum would be to reverse the oxygen lines and to weaken
those of hydrogen.
The temperature of the region outside the zone of combustion

must fall off, so that any oxygen which might there existf would
oe in the state of molecular aggregation corresponding to the
compound spectrum, and would thus be without action on the
bright-line spectrum of this gas, but would give rise to the dark
lines of its

. The hydrogen of the region now
under consideration by - the lines of
this mis. Thus the solar spectrum as now known is shown to
be in complete accordance with the hypothesis here advanced.

* "In a tube containing both nitrogen and aqueous vapor, the lines of hydrogen
e time as the spectrum of

bands (I order) of nitrogen, whence it follows that the lines of hyd
visible in a ten lines of nitrogen do not appear

nkland and Loekyer found that in a tube

drogen and nitrogen, the lines of the latter
tiona of pressn hydrogen lines
under all conditions remained visible (Proc. Roy. Soc, xvii, 454).

.' •• '..
'

... ;..• -.. ..-"
. .

/: ... ... : -:
• ;

-. ,,-.!

Y the absorptive action of the gas in the upper regions of the chromosphere (see
aiso note to paragraph 7).
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The hypothesis of a zone of combustion in the higher regions

of the sun's atmosphere, as already stated, furnishes suggestions

for the explanation of many observed facts in solar physics

hitherto unaccounted for.

T will first call attention to the intense brilliancy of the line

D3 in the spectrum of the chromosphere, and the extreme
faintness of the corresponding dark line in the solar spectrum.*

If we consider to what an enormous height this element ex-

tends, bearing also in mind that it must consequently reach

into comparatively cool regions, and that its radiative (and

therefore absorptive) powers are very great, it seems improbable

that the vast thickness of this gas which must be traversed by
a ray of light emitted by the photosphere should be barely suffi-

cient to reverse its spectrum. If the existence of a zone of com-
bustion be granted, however, this region becomes the source of

radiation of all gases which extend so far. Thus in the case of

the D3 element, which reaches nearly the same level in the sun's

atmosphere as hydrogen, the stratum of gas exterior to the zone

of combustion is, on the present view, alone concerned in revers-

ing the line under consideration ; and this stratum may be of

98 to produce any marked absorption. The
"147-4" substance, however, which rises far above hydrogen, ap-

pears to exist in sufficient quantity exterior to the supposed re-

gion of combustion (or its specific absorptive power is sufficiently

uiv.it
|
to produce a marked reversal in the solar spectrum,f

The hypothesis advanced in the present paper does not

necessarily imply (at least under existing solar cond'
'

production and ulation of large quantities of compound
tie higher regions of the sun's atmosphere. The
bustion may be, so to speak, only a local phenome-
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non confined to a thin shell of the sun's outer envelopes; and
compounds formed would be rapidly decomposed both by
dissociation and chemical reduction by being swept down into
the underlying hotter regions by the convection currents which
take place on such an enormous scale in the sun's atmosphere.
The heat of the zone of combustion may also contribute to the
dissociation of compounds formed therein.*

It is well known to spectroscopists that the solar spectrum
is never absolutely free from the so-called "telluric" lines,

which have been shown to owe their existence to the aqueous
vapor of our atmosphere. It is possible from the present
point of view that these lines may be partly caused by aqueous
vapor in the higher regions of the sun's atmosphere.f Should
there be any connection between the activity of combustion
and the formation of sun spots, a rigorous comparison of the
"telluric" lines in the solar spectrum carefully observed (or
still better, photographed) at different periods of the spot cycle
would be of the highest possible interest. Thus it may be
suggested that the solar combustion varies periodically in ac-
tivity—combination being in excess of dissociation during one
half of the cycle, and dissociation being in the excess during
the other half, when the heat resulting from the combustion,
having reached its maximum, tends to decompose the com-
pounds formed. This view points to the belief that the con-
nection between the sun spot' period and the period of variation
of magnetic declination may be due to a common cause—the
activit} ,,f combustion in the sun's atmosphere and the result-

tion either in the amount of free oxygen, or in the
magnetic characters of this gas consequent on variation of tem-
perature.

Sir William Thomson's theory of the dissipation of energy
leads to the belief that the sun, like other stars, is gradually
cooling down. Thus we should be led to infer a priori that
there must be a period in the life of a star when compounds
can begin to form. Such combination would begin in the
outer and cooler portions of the star's atmosphere, as required
oj the present hypothesis, and would be attended with the
development of the heat representing the energy of chemical
separation. As the star goes on cooling down^ the zone of
combustion, at first a mere shell, would gradually encroach
upon the central regions, and a star having permanently bright

*SeeBunsen'a

Berthelot On the Chemical Equilibriui
1 and (Bull.

L observation of Seechi, who a

borhood of sun spots (Compt.
red aqueous vapor in the atax



:::

:

300 R Meldola—Bright Lines in the Solar Spectrum.

lines in its spectrum would result. In the earlier stages of
"

what may be called the "chemical period" of a star's history

—

a period into which our sun may be supposed to have entered

—the lines of the non-metallic elements would alone appear
bright, for the reasons detailed in the foregoing portions of this

paper (paragraph 11), and, owing to their comparative faint-

ness. would be lost at the enormous distances which the light

of the star has to traverse before reaching our sped
When, however, the region of combustion hail < wr 'ach< ' sinn-

ciently to reverse the metallic tin ine out with

much greater brilliancy than the non-metallic lines, and we
-round of continuous spectrum crossed by

the bright lines of the metals of smallest vapor density. Such
stars would only be expected among those which are, so to

speak, in the latest phase of their "chemical period." It is

nificant thai pCassio] e, ,9 Lyras and y Argo, three stars

rich show bright lines in their si • < xvi . all have sufficiently

complex spectra to warrant the belief that they have entered

upon a late phase of their existence. Before the actual reversal

of the metallic lines there must exist a period in the life history

of many stars when the temperature and extent of the zone of

combustion is such as to obliterate the dark lines of those

metals which will ultimately appear as bright lines. Such
appears to be the case with the hydrogen in a Ononis ; and

: to the present views it might perhaps be predicted

that this star will sooner or later show a permanent hydrogen
spectrum of bright lines. It is cotweivahk that in

the composition of a star's atmosphere may be such as to per-

mit a considerable amount of cooling before any combination
took place among its constituents; under such ei'rcumst trices a

sudden catastrophe might mark the period of combination, and
a star of feeble light would blaze forth suddenly, as occurred

in 1866 to r Coronse Borealis. In other casts, again, it is pos-

sible that the composition of a s: ty be of such

a nature as to lead to a state of periodically unstable chemical

ed; that is to say, during a certain period combina-
tion may be going on with the a< ton of heat,

gins to tel e place. In this

manner the phenomena of many variable stars mav perhaps be

! for. On the whole,* th» possihilitv of' actual com-
' hang place in the atmosphere of a slowlv cooling star

previously at a temper ; ,>n does"' not seem to

me to have had sufficient weight attached to it ; and in con-

I would point out the important factor which is thus

I into calculations bearing upon the age of the sun's

heat in relation to evolution.

London, June 6, 1878.
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Art. XXXIV.— On the Explosion, of the Flowing Mills at
Minneapolis, Minnesota, May 2, 1878, and tin, Causes of the

same ; by S. R Peckham.

As I was sitting at the tea-table on the evening of May 2d,
I was startled by a noise that sounded as if something as heavy
as a barrel of flour had been tipped over on the floor above.
A few seconds later the sound was repeated, and we all ran
to the door whieh commanded a full view of the falls ami
manufa turi iu

; onion of the city. An immense volume of

noke enveloped the spot where the Washburn A Mill
b» 81 *od, and a perpendicular column of smoke was projected
*oto the air above the elevator at least four hundred feet. The
Humboldt and Diamond Mills were directly behind the eleva-
tor from the place where I stood. A heavy wind was blowing
from a point a little to the east of north, a direction from the
Washburn A Mill toward the elevator and the other two mills.

I" loss than two minutes from the time of the first explosion,
the elevator, which was 108 feet high, was wrapped in flames
from top to bottom. If the strac rated in oil

;ad much more rapidly. In five

minutes flame and smoke were pouring from every window in
the Day & Rollins. Zenith and Galaxy Mills, which were
between the Washburn A Mill and the river, producing a con-

winch from ordinary causes would not have gained
such headway in two hours. Six flouring mills, the elevator,
a machine shop, blacksmith's shop and planing mill, with a
number of empty and loaded cars, were in flames in five min-
utes from the time fire was first observed by any one who
survived the disaster.

From my own point of observation, which was about a mile

sti net explosions were heard; others nearer
heard three, ti :

. r.-t n..t a- \ lolent as the other two; while
those nearer still heard in addition a sou; 1 which they de-
scribed as a succession of sharp hisses, resembling the sound of

- nn-powder. Those observers to the windward, whose

I by the light produced, beyond the distance
of half a mile, heard only one or two reports or failed to hear

• a 1. 1- -,,ii all tl.'H t- <\\ , • un referem-e to sound
mat the blow upon the air was not sufficiently sudden

* a penetrating sound, but rather a dull, heavy blow,
which was not communicated laterally to any great distance.

Burning wheat or flour was smelled for several minutes

\-plosion by persons in such a position that the

aid carry the odor to them. Smoke was also seen
issuing from what was known as the exhaust flour-dust spout
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of the Washburn A Mill for several minutes preceding the

explosion.

At the instant the explosion occurred all observers agreed

that the Washburn A Mill was brilliantly illuminated from

basement to attic. The illumination was reflected from the

water at and around the falls in such a manner as to remind

one observer of the effect of a brilliant sunset. Another com-

pared it to the reflection of sunlight from windows when the

sun is near the horizon. Still another, who was crossing the

lower bridge, had his attention called to what appeared to be a

stream of fire, which as he described it, issued from a basement

window and went back again. Immediately thereafter each

floor above the basement became brilliantly illuminated, the

light appearing simultaneously at all the windows, only an

appreciable interval of time intervening as the stori

one after the other. Then the windows burst out, the walls

cracked between the windows and fell, and the roof was pro-

jected into the air, followed by an immense volume of smoke
and flame which ascended to an estimated height of from six

to eight hundred feet As the column of smoke was expanded
and borne off upon the wind, brilliant flashes resembling light-

ning passed to and fro.

Two men, so near the Humboldt Mill that they were nearly

buried by the falling rubbish, and on the opposite side from

the Washburn A Mill, heard a loud report distinctly while the

walls of the Humboldt Mill were still standing and at the same

time were knocked down. Immediately after they saw flames

issuing from the basement windows of the Humboldt
at the same instant, before they could regain their feet, they

experienced a second shock and miraculously escaped being

buried beneath the falling walls.

The enormous and sudden displacement of air which fol-

lowed the explosion, and the tremendous force which was con-

sequently exerted laterally, was shown in the condition of the

round-house of the Chicago, Milwaukee, and St. Paul railroad,

and the broken windows in all directions. The lound-house
was a wooden structure about forty or fifty feet from the Dia-

mond Mill. The sills were drawn out toward that mill until

the building burst, letting a part of the roof fall in and leaving

the sides standing at a sharp angle. Ordinary windows, and
those of strong plate-glass on Washington avenue one-fourth

of a mile distant, were projected into the street. Not only the

glass but the sash went out bodily, particularly in the lower

stories of the buildings. Persons on the river at the water's

edge noticed a displacement of the water producing a wave
estimated to be eighteen inches high, before they heard the

report of the explosion.
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Whole sheets of the corrugated iron with which the elevator
was covered, measuring eight by two feet but quite thin, were
picked up on the east side of the river more than two miles
distant, and pieces of six-inch flooring from two to ten feet long
were carried to intermediate points.

An examination of the ruins of the several buildings showed
that the walls of the Humboldt Mill lay upon those of the Dia-
mond Mill, and those of the Diamond Mill upon those of the
west end of the Washburn A Mill, showing that the buildings
did not explode simultaneously but successively. The Wash-
burn A Mill evidently exploded first from fire <>• _

within it, and the high wind prevailing at the time carried the

flame into the adjoining mills to the south and away from the
mills next the river. There was enough burning middlings
and flour thrown through the broken windows of the latter

mills to set them on fire, but they did not explode. Some
significance may attach to the fact that the three mills that ex-
ploded were all running with more or less open French mid-
dlings purifiers, while the three that did not explode had been
shut down for several days. There is no question but that the
French purifiers project a great deal more dust into the atmos-
phere of the mills than those that are enclosed, but I have no
doubt that in any flouring mill sufficient dust accumulates
upon beams and machinery to produce an explosive atmos-
phere if from any cause this dust is scattered into the air and
flame is communicated to the mixture while the dust is sus-

pended.

There was less than a barrel each of lard oil, lubricating oil

and high-test kerosene in the Washburn A Mill at the time of
the explosion.

There is absolutely no proof that any explosive material

other than is produced in the manufacture of flour from wheat
was in any one of the buildings destroyed, in the cars around
them or in the neighborhood. The testimony of mill-wrights

conclusively showed that fire produced by heated bearings is

of such extremely rare occurrence in flouring mills as to prac-
tically exclude such a cause.* No suspicion of incendiarism
has ever been expressed.
A slight fire, the effects of which were in no wise serious,

in the Washburn A Mill about three months before
the explosion. It was discovered from the outside of the mill
that smoke was issuing from a spout or conductor that dis-

charged the air that was drawn through between the stones.

* These gentlemei

stopping the stone. WheVa^
P1"*!,

il
no, no where near it." It must be an exa
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The object for which the air is drawn through is to cool the

stones and to carry off the vapor produced from the wheat by
the rise of temperature due to friction. In this case the effects

of fire were traced back from the outside of the building to one

of' the sets of stones on the north side of the mill used for

grinding middlings. The effects of flame however did not ex-

tend beyond the blower which produced the exhaust. This

led to the conclusion that the fire did not enter the dust-house,

although the smoke must have passed through it. It is sup-

posed that the fire was caused by friction between the stones,

they having run drv from one of the causes that mav produce

dry stones.

In answer to enquiries made of several millers in the Min-

neapolis mills, I found them uniformly of the opinion that the

meal or flour as it left the stones had a temperature of about
100° F. or less. A number of careful experiments, made with

an ordinary chemical thermometer, showed "that the wheat

enters the stones from the dryers at a temperature of fully

100° F. and that it leaves the stones at 120°-130° F. The
temperature of the ground middlings as it left the stones

averaged about ten degrees higher.

It was also the concurrent testimony of millers and mill

owners that dry stones are of comparatively frequent occur-

rence, and that' they are practically unavoidable. I am con-

vinced that in the Washburn A Mill the frequency of danger

from dry stones was considerably increased in consequence of

the large number of stones in the mill, and especially from the

fact that so few men were employed having the immediate

oversight of the stones. Only two men were employed at the

same time for the forty-two run of stone, a number inadequate

for that supervision which so important a matter demands, as

it is impossible from the large space occupied by so many
stones and the noise incident to their action, that even with

the usual signals employed dry stones should be detected as

soon as they become a source of danger.
Obstruction of the feed from any one of a number of acci-

- - v. ill produce drv stones. The danger arises from

between the stones to a temperatur<
ir it, or convert it into a substance resembling tinder,

i would readily ignite from a spark produced by the

3 striking together. Another source of danger arises from
or gravel passing between the stones with the grist and
i- in- the friction, producing either a rise of temperature
rain of sparks ; perhaps both.
tm aware thai s of drv stones can be

proved perfectly harmless. An
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record in which a run of stone ground each other all night
with no other result than the complete removal of the grooves
which gave the stones a cutting face. On the other hand,
ca— imp iK-uurr. d in which the hooves became filled with
charred wheat of a dark-brown color, packed into them so
solidly as to require a mill-pick for its removal. It requires
no argument to show that this tinder thus formed, would be-
come ignited from a train of sparks that would inevitably
follow contact of the stones as the grist became compacted or
completely removed from between them. It was found by
experiment* that masses of flour that had become heated and
charred, ignited readily and smouldered, but were inflamed
with considerable difficulty; but it should be borne in mind
that a number of sets i raected with a com-
mon spout or conductor, through which a strong current of air

is being continually drawn and which is filled with a dense
cloud of very fine particles of starch (chiefly) heated to a

maximum temperature of 140° F. Experiment also proved
that the proper mixture of flour-dust and air would not burn
explosively except when brought in contact with flame.
White-hot wires and glowing charcoal only burned the parti-

cles in contact with them. But it was found that burning pel-

lets of charred wheat and flour would ignite wood which a
strong draft of aii readih fanned into a blaze. Under the con-
ditions previously stated with a draft of air passing through
thedry stones strong enough to convey the pellets of smoul-
dering tinder into the common wooden 'conductor an explosion
becomes possible.

It is urged that these conductors are damp from condensed
moisture, and also that a large amount of moisture escapes

•rectij estimated at from five to six

per cent. It is, however, chiefly during the first grinding of
the raw wheat tl it th - - is experienced The midd iniis is

dryer, is ground at a higher temperatui

. more dust. 'The higher te

more inflammable and at the same time ensures a more
complete solution of the vapor in the current of air. More-
over, the first fire in the Washburn A Mill wns traced, directly

_-. and all

that is known concerning the origin of the fire that produced
the explosion confirm- the .rq .virion that : t

m a set of stones on the opposite side of the mill, which was
one of six sets, all of which' were used, exclusively for grinding

jing into a common spout or conductor
which communicated directly with a dust-house in which the

* Experiments made by Professor L. W. Peck before the coroner's jury.



306" J. W. Mallei—Barcenitefrom Huitzuco, Mexico.

dast settled to the amount of several hundred pounds a day.

An explosion in this conductor, communicating flame to the

dust-house, would scarcely fail to cause the successive explo-

sions of the dust-house and the different stories of the mill, the

shock of the first explosion being sufficient to throw the dust

of the mill into the air.

The opinion expressed by one of the witnesses at the inquest,

"that stones are liable to run dry at any time by accident,'

and that " dry stones can hardly be avoided by any amount of

foresight," appears to be generally entertained by millwrights,

millers and mill owners. Let it be granted that all experience

shows that ninety-nine per cent of dry stones injures nothing but

the stones themselves, the one per cent of residue is burthened
ful possibilities. If dry stones cannot be prevented in

small mills where one miller has charge of perhaps six run of

stone, the danger is more than proportionally increased in a

mill where one man has charge of twenty run, both with refer-

ence to prevention and detection. The problem therefore for

the consideration of parties immediately interested is, how to

prevent or detect dry stones, particularly those used for grind-

ing middlings. This practical problem appears to be funda-

mental and one compared with which all others are without

much importance. It is true that but few millers are without

their experience of minor explosions or flashes resulting from

careless use of lanterns or open lights. Indeed, I have been

profoundly impressed with the generally innocent reputation

of flouring mills when considered in the light of the immense
number of accidents well-known to millers and insurance

companies ; a number surprisingly large if confined to those

occurring in the States of Minnesota and Wisconsin within a

few years past. The remedy in such cases is so obvious that

the most ordinary care and intelligence is sufficient.

Among some Mexican ores given me by my friend, Sefior

Mariano Barcena, one of the Foreign Commissioners to the

Philadelphia Exhibition of 1876, and now Director of the Cen-

tra! Meteorological Observatory of the City of Mexico, there

were several specimens of a heavy, nearly black mineral, which

accompanies Livingstonite* at Huitzuco in the State of Guer-

* Sulphide of antimony, mercury and iron ; described by Barcena himself

(Naturaleza, 1874 and 1875, pp. 35 and 172). Sulphur, cinnabar, stibnite and

alentdnit© are said to be found at the Bame locality
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rero. This turns out on examination to be an antimonate of

hitherto undescribed character, mixed with finely divided mer-
curic sulphide and antimonic acid.

The specimens given me, one or two of which w
more than half a kilogram each, while I saw in Senor

Barcena's possession much larger masses, were for the most
part of columnar structure, with long, blade-like prisms of im-
perfect development. They have the general aspect of those of

stibnite and Livingstonite, from the latter of which species this

has probably been formed by oxidation. In some parts the

structure was finely granular or quite compact, with occasional

honeycombing by little cavities and pores. Indications of

cleavage were observable parallel to one prismatic face, but
this was in all probability due merely to the pseudomorphous
structure of the material Brittle. Fracture tolerably even.

Hardness = 5 5. Specific gravity of the mineral in powder,
previously boiled with water to remove air, = 5'343 at 20° C;

ve notably lower results, owing to porosity. Luster
dull, earthy, on some surfaces inclining to resinous or pitch-like.

Opaque. Color very dark gray, nearly black. Streak ash-gray,

with a slight greenish tint. Faces of the pseudomorphous crys-

tals sometimes coated with red pulverulent cinnabar, and some-
times with yellowish white antimony ocher.

Heated alone before the outer blowpipe flame, the mineral
" "'

;es slightly, turns white or nearly so, and becomes
ffith some difficulty on the edges', giving off* a little

wnne iume; in the reducing flame the fume becomes more
abundant from reduction of metallic antimony, followed by

ttion and burning in the outer edge of the flame, which
is colored greenish-blue. A fragment heated in a closed glass

tube gives off water, metallic mercury, black mercuric sulphide,

and a very little oxide of antimony ; in a tube open at both
ends the whole of the mercury is deposited in the metallic state,

the sulphur being burned off, and in a good draught of air

the tube more oxide of antimony is carried along and
deposited. A well marked white antimonial sublimate is pro-

duced by heating on e : e be added
ads. The

mineral in powder is largely dissolved, in the oxidizing flame,

acosmic salt to a clear, colorless glass, which

i the reducing f

roundec

become

. . ... tvhen finely pulverized, is insoluble ii

droehloric or nitric a id. t mi rh this be concentrated and £

boiling temperature. Verv .- iglnh acted on by boiling
tionof ammonium sulphide. On boiling with a strong soli

"f sodium hydrate. rilt-M-imr. acidul- 'nu. and passing in \v

sulphuric acid, an orange precipitate is obtained in no :
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quantity. Hydrogen passed over the powder at a red heat

luces metallic antimony, which can then be attacked

The quantitative analysis was made by Mr. J. R Santos, of

ii. Ecuador, using carefully selected specimens, free

from visible impurity, and repeating several of the principal

He obtained

—

Sulphur 2-82 '088

Mercury 20-75 -104

Calcium 3*88 '097

Antimony 50-11 -418*

Oxygen (by difference) 17'61 l'lOl

(constitutional 3 -50
)

-194

Water
\

[ 4-73

(lost below 130° C.f 1-23
)

The sulphur was pretty well ascertained to exist altogether

in combination with mercury, since by gentle heating until this

metal was all driven off the white residue was found to contain

but an unweighable trace of sulphur; moreover the ore in the

finest powder was scarcely acted on by ammonium sulphide,

and the pari hied with caustic soda gave no

orange precipitate of sulphide of antimony on addition of an

acid until hydrosulphuric acid gas had been used. Deducting
then the whole of the sulphur and an equivalent amount of

mercury (for mercuric sulphide) from the above, the remaining

figures represent—

Hg
^ratios.

Ca 97

corresponding to

HgO
CaO
SbO
SbO
H,0

* Using the atomic we
rendered most probable
Journal, February, 1878,

f There was scarcely s

mined directly) from this

:[=r"o
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R"0 .

SbO .

SbO .

Hence the mineral is apparently a mixture of mercuric sulphide,
antirnonic acid (Fremy's—Sb2 5 . 5H20,* or H4Sb2 7 . 3H20),
and an ant .. > -in ,. an I ;. j.l mti- i< ),i\

of the formula {^qH (Sb2 5)5, corresponding to a normal

antimonate—

M

2 . Sb2 5 or M'Sb03.

It differs noticeably from all the natural antimonates hitherto
described, in that these are strongly h

:
,<\.

: . v/hil.- tl:c mineral
now described contains a surplus of the electronegative anti-

mony as antirnonic acid over and above the amount necessary
to form a normal antimonate with the electropositive metals
present. Calculating on the basis of the atomic weight of
Sb = 120, monimolite agrees very fairly with the formula
(R"0)

4 . Sb2 5, or KJ'SbA I
Romeite comes nearest to (R"0)6 .

gbAV. (Sb2 5)a, or Ri'SbrSblO* (Dana makes this (R"0),.
gb2 3 . Sb2Og ; ammiolite of Domeyko agrees best with (CuO)3 .

kb2 5, or Cu3Sb2 8 , while Rivot's^analvsis of a similar mineral

n^uSS? COmes Mrly near (CuO)8 .(Sb2 3)3 .(SbA)B, or
Cu4Sb^"Sb3

v
16 (which may perhaps mean (CuO)3 . Sb2Os .

r Romeite); while in

Bmdheimite the atomic ratio of PbO : Sb2 5 derived from the

recorded, ranges from 1|: 1 to 2f : 1, even assuming
that we have here a h of a mixture of anti-

rnonic acid with one of more strongly basic character.
I propose to name this mineral

1

Barcenite (accented on the

: the worthy Mexican gentleman
from whom I received it : m- - it >ti ic work and zeal for sci-

entific progress are honorable to himself and to his country.

r having this composition.

I ij Ciimengi

rSb 3 3\sb2 5 .6H2(
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ART. XXXVL— On the Intra Mercurial Planets ; by Professor

J. C. Watson ; from letters to the editors, dated Ann Arbor,

Sept. 3d, 5th and 17th, 1878.

Ann Aebor, Sept. 3, 1878.

The places of the two objects observed by me during the

total eclipse of July 29, as communicated in my letter of Aug.

13, were derived from hurried readings of the circles made
• ly after my return from the eclipse expedition, in

order to be able to answer numerous inquiries addressed to me
for more precise information in regard to the observations than

had been published in the newspapers. I have since made a

more careful determination.

When I came to examine the adjustment of the hour circle

to be read upon the reading circle, I noticed that there was a

very considerable error of eccentricity, which was shown upon

revolving the alidade. Having attended to the adjustment for

- n of the two circles, I did not attempt to change the

eccentricity error, since there would be an error of this kind

to be determined in changing the hour circle from the instru-

ment to the reading circle, and since the corrections to be

applied on account of the eccentricity can be determined from

the four pointings on the sun. I have made ten readings upon

each mark, backward and forward, so that each rea I

independent determination, and the results derived from the

mean of these readings are shown by the following:

Br Ne

5 46 55 6 14 36 Sun 148 21 '7 =b

By comparing the mean of the second and third readir

upon the sun with the two extreme readings, I have obtain

the following expression for the correction for eccentricity

:

Re =R+103'-7 sin (R+63°-2).
and hence we derive:
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S
4
= -8 31-5

and using the differences of cleclinati

obtain the following results:

Washington M. T. Object. Planet-

As already stated in my letter of Aug. 13, there is no un-
certainty in the place of (a) beyond the unavoidable instru-

mental error, which is very small. I saw both it and 6 Cancri,
and it was fully a magnitude brighter than the latter. In re-

gard to (b) it is possible but not probable that the pointing of the

instrument may have been disturbed by the wind. I marked
the position on the hour circle first, and but a moment was
occupied in passing from the eye piece to the hour circle. I

believe that this observation can be relied upon as giving the
place of a second intra-mercurial planet.

Ann Arbor, Sept. 5, 1878.

In Professor Young's note upon the recent eclipse p
in this Journal, p. 242, he states, in speaking of the discovery
of Vulcan, that Professors Newcomb, Wheeler, Holden and
others went over the same ground and found nothing, and the

inference is made that they obtained negative evidence of some
value to dispute the discovery announced. As to the nature
of this negative evidence Professor Young is under a mistaken
impression.

I happened to be observing near Professor Newcomb and I

was informed by him, at the close of the totality of the eclipse,

that he had searched north of the sun. Hence he could not
see the objects which I observed.

I have seen Professor Holden since his observations were
made and he told me that he had been misled in his prepara-
tions by having had the idea from the statements of others,

who had observed total eclipses, that the illumination of the
sky would be very much less than it really was, so that he had
observed with optical power insufficient for a search under
these circumstances. He used a hand comet-seeker of two and
a half inches aperture, with a field of five and a half degrees,
and he swept twice over a space thirty degrees in length and
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any stars until he

Professor Hall told me that he had searched north of the

sun, but that his assistant Mr. Wheeler had searched south.

He said, however, that they had been compelled to use a very

high magnifying power. Any one who has tried to find so

bright an object as Jupiter by attempting to direct the tele-

:'i a high power, without using the finder, will know
how uncertain a search would be under the circumstances

named.
As to what was done by other observers I have no direct

nit of his work, as published in

the New York Tribune, furnishes important corroborative evi-

dence. But the records of my circles cannot be impeached by
all the negative evidence in the world. There are no known
-tar- in the places which they give, and hence I cannot be mis-

taken as to the identity of the objects which I observed.

While referring to the subject of negative evidence, I might

as well state here what my own observations give in this respect.

Between the limits : Right ascension 8h 5m to 9h 5 ra
, and declin-

o+;™ + 17° 30' to +19°, I swept once forward and once back-

the two whose positions I recorded on raj- circles. I conducted
the search expeditiously, but with great care, keeping the 1

tion of the telescope uniform ; and if I were to repeat tl

undertake to examine a region ot greater

observations I would not varv the method which '.

the san

period of time. I cannot conceive of a surer method of record-

ing the position of an object observed, under the circumstances

of these observations, without danger of mistake.

Since the letters of Sept. 3d and 5th were written, I have

received information from Professor Newcomb, Commander
Sampson, U.S.N., and Lieutenant B. ivman. U.S.N., who were

observing near me, that goes to show that it is highly improb-
able that there could have been any disturbance of the pointing

of my instrument on (b), which, for the reasons stated in m\
letter of August 13, was not verified, in this instance, after the

circles had been marked, and which fact it was proper to men-
tion in order that every circumstance connected with these

observations might be known to astronomers. My telescope

was more completely sheltered than any of the others at the

same station, and all three of these observers state that there

was no disturbance of their instruments at the time when these

observations were made. I find, too, that the direction of the
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wind was such that its force, whatever it might have been, was
directed almost wholly upon the motion in declination, which
was securely clamped. And besides, I have made ex;
with the telescope used in the observations, clamped the same
as it was then, and I find that it would require a much greater
force than if it had been fully exposed to the wind to change
the pointing in the least degree sensible.

I have also lately examined (Sept. 15), with the same tele-

scope and magnifying power used in the eclipse observations,
the stars in this part of Cancer, with the moon in the western
Bky and the bright twilight in the east, so as to obtain as nearly
its possible the conditions of sky-illumination which existed at

the time of the eclipse. I have a very distinct recollection
in respect to the brilliancy of the stars which I saw, and by

; when the approaching daylight had reduced the
light of certain stars whiVh were east of the sun at the time of
the total eclipse, so as to be just visible in the telescope as they
were then, I have been enabled to form a still more definite

opinion of the relative brilliancy of 6 Cancri, the two new
objects which I observed, and £ Cancri. The fainter of the
two planets, that near 6 Cancri, was certainly brighter than

C ' Viiirri, and much more than a magnitude brighter than its

ring star.

Art. XXXVII—Letter from Mr. Lewis Swift, relating to the

discovery of l,,tni-M> ,< »,;</? Pht,,^U. iC unmunic-ated to this

Journal by Admiral John Rodgers, United States Naval
Observatory, Washington, D. C.)

, K Y., Aug. 5th, 1878.

Before preparing a report of my observations of the total

eclipse of July 29th, as observed at Denver, I hasten to lay
before you the facts in detail of my supposed discovery of an
nitra-Mereurial planet.
Having a comet eye-piece which far surpasses all others that

have ever come under my notice, I, before leaving home,
'. :-• •-... j ,

:

ical Vulcan. It gives, with my four and a half achro-
matic, a power of twenty-five, and has a field of 1° 30', flat

:» to the edge. "About one minute after totality I

observed two stars by estimation 3° southwest of the sun,

1 made in estimating magnitudes so close to a totally e
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sun, I do not know. I saw them three times, and attempted,

at the last moment, to get another observation, but at the crit-

ical moment, a little cloud passed over the sun, and I hastened

to observe again the sun for the third contact and attending

phenomena. At each of the observations, by careful compari-

son, they appeared exactly of the same magnitude, and both as

i.l .•!.- Mars. I looked closely for twinkling, but they were as

free from it as the planet Saturn. They both, at the time,

seemed to my eye and mind to have a small round disk about

like the planet Uranus. Whether the disks were imaginary or

real, I cannot tell, but every time I saw them (the stars) tip-

disks attracted my attention. Immediately after totality I

recorded the following in my note-book. "Saw two stars

about 3° southwest of sun, apparently of the fifth mi

some 12' apart, pointing toward the sun. Both red."

Last evening I experimented with my telescope with the

same aperture and eyepiece, to verify or to change my estimate

as to distance apart, and I find that they appeared a little

farther apart than half the distance between Mizar and Aleor.

or, say, about 7' instead of 10' or 12' as estimated at the time.

Though at the time I estimated the direction of the stars as

southwest of the sun, I am inclined by reflection to change it

to south of west.

One of the stars may have been Theta Cancri, and yet there

are several chances against a planet being exactly of the same
magnitude, color and appearance, as a star ; and it appears to

me that Theta is most too far north. I would not be S

if the truth were known, if both were planets.

Prof. Watson, who claims to have seen a new star 2£° south-

west of the sun and of the 4*5 magnitude, may, when he pub-

lishes his observations, throw a little light on the subject.

Should he have seen the same, of course the priority of discov-

ery belongs to him by about two minutes. That one or both

are intra-Mercurial p mets i ave no doubt whatever.
It may not be out of place here to say that I was led to the

by an accident, the result of carelessness. A strong

and fitful breeze was blowing from the southeast which sho<>k

my telescope, the equatorial mounting being not very substan-

tial, part of it having been made after reaching Denver. To
prevent this shaking, I laid a pole about ten feet in length

across the tube near the eye-end, the other resting on the

ground to the west of the telescope. Then, for fear it would
rt my head, I tied it to the tube with a string. As I

followed the sun, the pole would easily drag along tin

I intended to remove the pole at the commencement of totality,

but in the excitement I forgot it. When I began to sweep
along the ecliptic for Vulcan, I found to my horror, that if I
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1 to move the telescope to the east of the sun, the
lower end, by plunging into the ground, would preve
and I was therefore compelled to devote all my time

?:?

t of the sun, which accounts for my getting so many
; of the objects. From this cause, also, the sweeps were

ith Iarg< lid make the
attempt to observe Theta Cancri, before the sun withdraws too
far, and if successful then the objects seen by me, we need not
despair of their being again observed at some future time with-
out a total eclipse or even in transit.

; -
' * ient of detecting a star of the 4'5 or 5 mag-

nitude, mid fr..m 2
J

to 6° from the sun, at a large or annular
tried. The result may be to settle this question, and

remove all doubt. Kespectfullv yours,

Lewis Swift.
Rear Admiral John Rodgers,

Superintendent United States Naval Observatory, Washington, D. C.

1NTIFIC INTELLIGENCE.
I. Chemistry and Physics.

1876. The method
j being calculated

from the ordinary formula. Two sources of error have now been
detected and corrected : one, the excess of heat coming from the
suspending wire of the crucible which proved to be large enough

nee the result; and the other, a false water equivalent
for the calorimeter. The former error was eliminated by using a
n '"i<'f Mispendiic- wire; the latter, by calculating the true value
from the formula MS(T— &)= (W+w) (<?—t), in which M the
u, »-;<r of the crucible, S the specific heat of platinum, T the

int of a salt as determined by a thermometer, t the

at ure, YV the weight of water and w the
water value <>i \\u- calorimeter, are all known but the last, several
salts whose melting ^

. .
. i 1 1

1 - were aeeurati ly known being
seiits. In this way 9*8 was fixed as the

s

e<WWtant The values obtained after making these
dug points entirely trustworthy. The numbers repre-

senting these are given in a table, varying from boric acid

date Na
3
S0

4
861°, and including

about a hundred salts.
In connection with Wn.i i \M-. Cam. ih-y ha- applied the abov-'

' determination of lii-'li b, 'd'imj points. Fnc.ruieu''-
" ! >alts whose melting points are known are placed in the vapor
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and examined to see if they melt. Various devices are employed
:;i-_>' the method, which are described in the paper. In

the case of HgCl, for example, NaC10
3
melts in its vapor while

NaN0
3
does not; hence its boiling point is between 302° and

316°. Observation with a thermometer gives it as 303°. Anthra-

cene vapor fuses KN0
3
but not KCU >

", ;., M ,
•,. it- hoiliu. joint

i> Let ween 339° and 359°. Thallous iodide Til, boiling, melts

NaCl and Pb(P0
3) 2

but not PbP
20, or Na

2
C0

3 ; its boi!
:

is therefore between 800° and 806°. The authors hope shortly to

be able to fix the boiling points of K, Na, Mg, Tl, etc., in this

way.

—

Jour. Chem. Soc, xxxiii, 273, 281, Julv, 1878. g. f. b.

2. On the Vapor 1> ->s chloride and Lead
chloride.—Roscob has simplified Deville and Troost's method of

vapor density, desiring only to give it sufficient accuracy to fix

molecular weights. A long-necked porcelain globe, of about

300 c.c. capacity, containing from 3 to 9 grams of the substance

to be examined, is loosely closed with a stopper of burned clay and

placed in a mafiie until no more vapors escape and the temperature

is constant. The globe is then removed, allowed to cool and the

amount of substance it contains is determined by analysis.
^
The

temperature of the muffle is fixed calorimetricallv by pi •' -- >

it at the same time a weight of platinum of known value. It

may be checked by the use of a second balloon containing mer-

cury. In five consecutive experiments with mercury, the tem-

peratures being 1019°, 894°, 815°, 972° and 1047°, the vapor-

density of mercury vapor was found to be -

9-j, ij'75, 091. 5 '77.

and 7-05; or d*68 as a mean. In the case of thallou-

seven experiments, at temperatures of 859°, 828°, 1015°, 849 ,

1026°, 852° and 837°, gave 8*15, 8"28, 8-06, 7'43, 8"75, 8"60 and

7*84 as the density of its vapor. The cakuia!
the molecular weight to be 238-07 and the formula TIC I, is S-4H.

The vapor density of lead chloride determined in this v.

ing however a higher temperature, was 9*12, 9'72, 9 --5

1

at 1046°, 1089°, 1077° and 1070° respectively, the theoreti

for PbCl, with a molecular weight of 27714, being 9-62.— Ber.

JBerl. Chem. Ges., xi, 1196, June, 1878. g. *"• b.

3. On the Action of Steam on ignited Charcoal.—Lo^g has

made a series of experiment- under the direction of Lothar Meyer.

to ascertain whether the carbon dioxide produced by the act ion

of steam on ignited wood charcoal stands in anv fixed relation to

the earbonous oxide. The charcoal was purified by treatment

with boiling nitric a,:
: _h wa-hine..

a J- rc-iain tube ;j ) mi. lon u
heated to redness and steam dr. gas evolved

being collected over water, and analyzed by Bunsen's method.
In the first series of en t < were not uniform for

sueee^ive portions of gas, the CO, increasing and the CO dimin-

ishing. -Moreover. !

every volume of CO., and one for each volume of CO; bill riu-

was not the case, the hydrogen being always too low. These
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results being confirmed by a second series of experiments, the
author made direct tests to see if this error was due to an actual
loss of hydrogen or to an introduction from without of carbon
dioxide. On filling the tube with charcoal, displacing the air

rogen, closing one end. ipparatus to
the other and heating, 250 c. c. of C0

2
were collected in two

hours. Hence the discrepancy in the malvse- arises from absorbed
ira-i;> 1;, the charcoal, either C0

2
directly or free oxygen, ami

diminishes as the operation continues. Making aihovancr t'. r this
<' v '

' '^. no siiuj.iv relation appears between the two oxides of car-
' " carbonous oxide formed, however, appears

i be determined by the amount of charcoal present, dii

eadily as this lessens. This can only be explained by I

the first action of the steam upon the coal i

I', and that this, by the further action of the coal,
is reduced in part to carbonous" oxide, in precise analogy with the
ordinary action of oxygen upon carbon. If the carbonous c

"

"

be in contact with

gaseous constituents.— /./,</,.;./.< A,,:,

id has now submitted gum elemi to the action of zmc-
dust. Commercial gum elemi was treated first with cold alcohol,
and the resi , was recrystallized from hot alco-

hol, and obtained in long needles in wavellite-like grou]>s. The
reduction was effected as in the case of abietic acid, the vapors
heing passed over ignited zinc dust. From 800 grams of the

I gum 300 c. c. of a brown oil, lighter than water, was
obtained. Distillation in steam gave a volatile portion (A) and a

tarry portion (B). The former, after boiling with sodium, was
1. Two products resulted, one boiling at 111° and
unized as toluene; the other boiling at 158°-160°, a

colorless oil of peculiar aromatic odor, was evidently ethylmethyl-
benzene- -phg fi rgt gave benzou . acid on oxidation, the latter a
mixture of - ids. Hence both para-
and meta-ethylmethvU" in this latter fraction.

Portion B uient, a colorless liquid, boiling
between 250° and 252°, having an aromatic odor resembling that

dene, and a specific gravity near that of water. Analy-
sis and its . me. Hence

• •

'<

- of the reduction of gum elemi
by zinc dust—Ber. Berl Chem. Ges., xi, 1344, July, 1878.

Htution of Starch.—Museums and Gbubbb
• experiments in support of the view advanced
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by the former of these chemists, that the

starch by diastase or dilute acids, should be considered a splitting

into a dextrin and sugar simultaneously. They now find that the

action of the above agents on starch produces : 1st, soluble

starch, soluble in water at 50°-60°, colored wine-red by iodine

when in solution, blue when dry, rotatory power [ad=-|-218,

reducing power =6 ; 2d, erythrodextrin, soluble in cold water,

colored red by iodine, both in solution and solid, easily attacked

by diastase ; 3d, achroodextrin a, not colored by iodine, rotatory

power [a]=-f-210, reducing power =12, partially saccharifiable

by diastase; 4th, achroodextrin yff, rotatory power [«]=4-190,
reducing power =12, unacted on by diastase in 24 hours; 3th,

""

$

,
maltose, formula C^H^O, ,.H 20,

lacted on by
diastase, but fermentable; Vth, glucose, C 6

H l? 6
.H 2 0, rotatory

power [a] = + 57, reducing power = IOC, fermentable. The
authors hence consider starch as (C 12H20 10 )„, in which the

exact value of n, which cannot be less than five or six, is yet to

1". <].;<-! mined. Under the influence of ferments or of dilute acids,

it undergoes a series of hydrations and successive splittings,

forming at each, maltose and a new dextrin having a less molecu-

lar weight. The value of n becomes less and less until the y
form of achroodextrin is reached, which is transformed by simple

hydration directly into maltose, which again splits into glucose.

—

Bull. Soc. Chim., II, xxx, 54, July.

acid, and hence had the formula C
6
H

4 j jjjj^!?. In order to pro-

duce isatin synthetically from this, it is only necessary to reverse

the process by which oxindol is produc d !
< m isati i ; /. e., to con-

vert the CH
2
group in the above formula into CO. This the

author has now succeeded in doing, not by direct but by indirect

oxidation. From nitrosooxindol C.H,
| y^

(N0
^
C
? which con-

oop in the right position, amidooxindol C
6
H

4

) y n
'

__Z f

is produced by reduction, and from this by oxida-

tion with ferric or cupric chloride or even with nitrous acid, i-atin

°«H *
| NH-^ is produced. The reduction of this to indigo-blue,

< ffi cted long since by the author in conjunction with Emmerling,
by the action of phosp; le and phos-

phorus, he now finds to take place in two stages. In the first,

produced by the action of phospi.uii,- ,-hl. r i. upon isatin, an

imidchloride of isatin results, C
6
H

4
j
^P^S] . This, by reduction

with phosphorus, zinc dust, or preferably with ammonium sul-
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phide, gives flocks of indigo blue.—Ber. Berl Chem. Ges., xi,

1228, 1296, June, July, 1878. g. f. b.

7. On Anthrar><jin,a th! •<! !•
. ,i tl,r>iq„hione.—Si hum k and

Rokmee have shown that when concentrated sulphuric acid acts
on metaoxybenzoic acid, two products are formed, the one soluble,
the other insoluble in water. From the latter two other substances
may be derived, the one soluble in barium hydrate, the other in-

soluble therein. The former of these bod'ie- consists, as the
ive already shown, of two dioxyanthraquinones, anthra-

flavic acid and metal- ne. They now show
that the substance insoluble in b:u un ! \.'i < tains a third

dioxyanthraquinone, to which they give the name anthrarufin.

ict of the reaction of sulphuric and oxybenzoic acids is

v extracted with water and barium hydrate. A brown-
ish-black powder results from which the new isomer of alizarin
» 1!l y he prepared by takin- advantage of its volatility. Placing
the powder between two watch glasses, and heating these to 120°-

lftU °n orange-yellow sublimate is obtained in needles. Kecrys-
tallization from" glacial acetic acid gives it pure.
fuses at 280°, is d'imculth soluble in alcohol with a
crystallizes in yellow quadratic iridescent tables, and is £

concentrated sulphuric acid, the solution being cherry red in
'

1 and kermes red in reflected light. Dilute solutions
show two sharp absorption spectral bands, and a third weaker.
One part in ten million ..f «n] j.lmrii- acid di<>ws a carmine red
color in a layer an inch thick, minute quantities of nitric acid
change the color to an intense yellow. Potassium hydrate dissolves
!t_ to an olive-yellow color, 'insoluble in sodium carbonate, and
yields a green fluorescent reduction product. Gives with acetic
oxide a diacetyl derivative in yellow needles, fusing at 245°.

—

Ber. Berl. Chem. Ges., xi, 1176, June, 1878. g. f. b.

8. Oh <, Flu,,re^; ]„->:!.! >.^ «;,!. The remarkable bodies
discovered by Baeyer, the phthaleins of the phenols, have their
' "gin in the great 1 tc acid becomes an
anhydride, and hence combines easily with hydroxylbenzenes.
kCBREDEit has sought to ascertain whether acid- with m ighbor'mg
r 'irbo\vK, su !, n . trimellitic a id. which has Hn position 1 : 2 : 3,
would not act similarly, retaining however, the carboxyl group,

purpose, a quantity of trimellitic acid was heated to 200°
with resorcin, and yielded a substance resembling fluorescein, but

_ i carboxyl group; to which consequently the author
gives the name fluorescein-carbonic acid. It has the formula

r CO CTTfOH
OH J CO C,H,jO

(COOH (OH
- as a light ochre-yellow powder, scarcely soluble in

-duble in alcohol, ether and benzene. The barium and

orom-derivatives. /;.,•./;,,/. < . .(,. . v. !••;; . duly, 1878.
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9. On New Coloring Matters, as Malachite green.—Doebxee
sometime ago showed oxyketones
could lie effected by acting on the benzoic ether of a phenol,

either with benzoyl chloride and zinc chloride, or with benzo-
'•- and zinc oxide; there being produced in both cases

the bodvCHCO.CHOCOCJI., from which by saponification

,1 C EI.,CO.C
6
H

4
OH resulted. If now in place of

the ether, the phenol itself be employed, and it be heated with

ln-!lZ'i\l rhlMv'iui L; < <V, < ,-. -. C< >li 'lill g

matters are produced. The effect, 'however, is much greater if

tertiary aromatic bases are employed in place of the phenols,
; >'

has already been introduced for some time into commerce, pre-

pared by the action of benzo-trichloride upon dimet I

and known under the name of malachite green. It affords on

analysis the formula CMHMN4
and has the constitution

C
6
H

5
C C,H

4
N(CH,),

l^'\C
6
H

4
N(CH

3)

I

fcH
,—Ber. Berl. Chem. Ges., xi, 1236, June, 1878. g. f. b.

10. Eleetrol;/ti<- „i,th,>-ls ,./ ,ht. , ,., ;„:,.,, h .J, ,-i,rp< r, zinc and
aU-1,-1.—In the Annales de Chemie et de 'Physique for Aprih-M.

Alfred Riche describes electrolytic methods for the separation

.ration of lead, copper, nieke! and zinc. The conditions

of success in these determinations have been carefully studied,

and the large experience of M. Ric »f alloys ren-

ders the pa le to the analyti ' '

i the same number of the above

teresting account of numerous
experiments, which tend to show •

! 'hi e. in the cells of all plants when confined in an atmo-pli.-rc

deprived of oxygen gas. The experiments were made on such

common plants as beets, maize, geranium, cabbage, portulaca

and chicory, growing in 'pot.- i: <
,
and it is

ft alcohol could be invari '. ;
'

- r . . 1 in different

parts of these plants after several hours' exposure in an atmo-
sphere of nitrogen, although no trace of alcohol could be dis-

covered in other plants of the same growth not thus treated.

The growing plants were covered by a glass bell sta-

- •

course of twenty-four hours absorbed all the oxygen and carbonic

dioxide of the confined air, leaving an atmosphere of nearly pure

nitrogen. In this atmosphere the plants were 1. ft f.r f: m t « <
U <'

to twenty-four hours longer, with- ality of the

plant, as the continued growth of duplicate plants similarly

exposed abundantly proved. The tissue of the plant was then
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bruised with water and alcohol proved
from this emulsion by th
tals of iodoform after the
in a manner which is fully described.
esting as confirming the views of P
fermentation produced by ordinary

j
tion of the normal action of all orgai

medium devoid of oxygen. j. p. c, jk.

12. Vapor of Chloral Hydrate.—The specific gravity of the
vapor of chloral 74-04 (referred to hydrogen) corresponds to the
molecular structure of the compooi

and represented by the formula CCl,-CH=(HO)
a

CC1
3
—CH=0; but the vapor of chloral hydrate has only one-

half of the specific gravity (39 84) which the law of Avogadro
u-u'.d n.piire. Hence it* ha- been gen ralh -upposed that in

Qg, the hydrate was res ad water.
Assuming that this vapor is a simple mixture of chloral vapor
and aqueous vapor each independent,—the mixture having a ten-
sion equal to the sum of the tensions of the constituents,—then
we should infer that if a material susceptible of hydration were
introduced" into the vapor the effeci would h -iinilar to that
Obtained by introducing the - on substance into any inert atmo-
sphere saturated with aqueous vapor at the same temperature.
On the other hand, it th\ \ap.-j- •': on! >rul hydrate is a homo-
geneous gas consisting solely of molecules having the constitution

represented above, then if we intn» lu>-« d a h\ b •::- >a!i into thi-

vapor we - Boreace, thus
giving off more or less ot it- water, jus; as it would in any other
dry and inert atmosphere under like conditions. These well

known principles offer an obvious method of testing the condi-

tion of the vapor of chl ban been applied by
M. L. Troost in an article published in the Annates de Chimie et

de Physique for March. In his experiments, M. Troost volatilized

Irate in th. Torriceiian vacuum of llofmaun. appa-

ll di i -i r \ ot \ ai" re, and i .

the vapor potassic oxalate, both In its hvdrous and it- anhydrous.

• The apparatus wa- slightlv modified t.» suit the con-

x date wa- cle-en a- the reagent because

f for water—as shown by the quantity of heat evolved
_'

;s ;,.,< than that of chloral. Lastly, any
effect which the reagent produced on the vapor was indicated by

ge of tension. But for these and all other detail- we
!cr to the paper. From these experiments, 31. Troost

deduces the conclusion that neither at 78° C. nor at 100° C. are
the constituents disassociated, at least to any great extent, in the
vapor of chloral hydrate ; that the vapor of this subst

geii.M.u- and normally o
» law of Avogadro requires. ....

have us infer that this" law, as the basis of modern chemical phi-

losophy, has failed.
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As the wi 2 B8, the law of Avogadro
is simply a mode of correlating facts, and its value as a scientific

theory rests on the degree of certainty with which it points the

way to new discoveries. As soon as it begins to lead astray it

will doubtless be abandoned, like many another philosophical

guide before it. In order to invalidate the theory it is not enough
to adduce unexplained facts ; it is essential to show that phenom-
ena which have been fully investigated are inconsistent with it.

In the present instance the experiments of M. Troost undoubt-

edly seem to indicate that the vapor of chloral hydrate does not

contain aqueous vapor as such, for although the results are not as

sharp as might be desired yet the difference in the action before

and after additional water had been mixed with the vapor of the

hydrate seems to be conclusive on this point. But nevertheless,

before we can admit that the vapor of chloral hydrate contains

only one-half as many molecules in the same volume as the vapor
of chloral, it must be proved that the molecules of the hydrate,

when in the state of vapor, have all the chemical constitution

represented by the usual symbol as given above, and not only is

no direct evidence offered on this point but the presumption is

wholly against such a conclusion. J. p. c, jr.

13. Solubility of Lime in Water.—The fact that lime is more
soluble in cold than in hot water was first observed by Dalton in

1808, and his observations were confirmed by R. Phillips in 1^-21.

the dative solubility of lime in water at different

area has been very carefully studied by M. A. Lamy.
Thi^ Fivneh chemist finds 'that the solubility varies to a marked
extent with the state of aggregation of the lime, with the material

from which it was prepared, as well as with the temperature to

which it was heated in the process, with the time during which it

is left in contact with water and with various other circumstances,

some of which produce a permanent and others a transient effect.

It is undoubtedly the influence of such causes of variation, pre-

viously unknown, that led both D to somewhat
erroneous results, although they accurately observed the general

order of the phenomena." We nr Jed paper in

the Annales de Chemie et Physique, June, 1878, for the details.

The following table, however, numbered XV, in the article referred

to, will give a general idea of the results

:

in each case the numbers indicate the weight of lime contained in

1000 grams of the solution, and we have selected this table from
several others in the paper because as the author says the values
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are comparable,
The other series c

from the above, the differences ap] < iie third sig-

nificant figure. The several curves of solubility which are plot-

ted with these different series are nearly parallel, and all show a
region of contrary flexure between fifteen and forty-five degrees.

14. Oxygen in Metallic Silver.—It has long been known that
melted silver dissolves quite a large volume of oxygen gas, but
M. Dumas has recently shown that is nary state

itain a notable amount of the same substance. When
reduced from the chloride with the usual fluxes and granulated,

]
- '

This impurity may have determined a sensible error in the values
of the atomic weights referred to silver, and Dumas suggests that
the differences between tie |>r< ei-.. n - ,h- ..i.t:!'.i. 1 with so much
labor by Stas, and the exact multiples of the atomic weight of
hydrogen accepted by himself, may be du '

presented tend to greatly strength

the writer in a recent paper ;• theopinion expressed by the writer in a recent paper
weight of antimony : that the errors chiefly to be feared :

ation of atomic weights are not such as can be eli

by the repetitions of the same process, but constant errors which

! precise knowledge of all the conditions
1

;, and that in the present

i be reached in regard to

i
t y of Prout's law or of other numerical relations between

the atomic weight of the chemical elements. j. p. c, jr.

II. Geology and Mineralogy.

1. Occurrence ofFou •'•••? on the GrandBank
and Georges Bank ; by A. E. Vkrrill.—Among the most import-
ant results ...i made by the party connected with
the U. 8. F- toned at Gloucester, Mass., during

present sea>.-n, i~
'< discovery of fragments of n

* .tlyofg> U-M.l, ILr i( ! font it,, i , ip;

"jg prooably to the Miocene or later Tertiary, me evidence
consists of numerous large fragments of eroded, but haul, com*
pact, calcareous sandstone and arenaceous limestone, usually per-

forated by the burrows of Saxicava rugosa, and containing in

more or less abundance i..--i! -h<-;K : :<:> r- <>\' lignite, and in

one case a spatangoid sea-urchin. Probably nearly one-half <>f the

species are northern forms, still living on the New England coast,

. n upon our coasts and are appar-
ently, for the most part, extinct. From George's Bank a<>uut a

dozen fossiliferous fragments have been obtained, containing mere
r -it; twenty-five distinct species of shells. Among these one of
the most abundant is a large thick bivalvi- (Iwtrdia) much
resembling Cyprina Islandtea in form, but differing in the struct-
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ure of the hinge. This is not known Ii\ im_c. Mja trxneata, JEnsa-

tella Americana, and the genuine Cyprina are also common,
together with a large JVatica, a Cyclocardia (or Venericardia)

allied to C. borealis (Con.), but with smaller ribs, Cardmm Id<n>-

dh-nui . and also various other less common forms. These frag-

ments came from various parts of the bank, including the central

part, in depths varying from 35 to 70 fathoms, or more.
From Banquereau, N. S., we received one specimen of similar

•.cuts of a large bivalve, and about

a dozen other species, among which are jfimm {'

d-" f „.<",st,/t»s, L<if>ni< uH.ox J ell". iVt. unknown >]urii- of Tm'ri-

tella, etc. From the Grand Bank two similar specimens were re-

ceived. One of these, from thirty-five fathoms, lat. 44° 30', long.

50° 15', contained numerous specimens of Cyprina Islandica in

good preservation.

In gathering these specimens from the fishermen ami
out the specimens, Mr. W. Upham has been very active. It will

11
be possible hereafter, when these specimens shall have

fully examined, and more obtained, to give a pretty

long list of species, especially from George's Bank.
At present it appears probable that these fragments have been': >.-, -

_ i

'

:
i

'

•
;

'
'

.

; '

probably 1

least several hundreds of miles in length, extending along the

outer banks, from off Newfoundland nearly to Cape Cod, and per-

haps constituting, in large part, the solid foundations of these

r< mark il le submarine elevations.

2. On Liquid Carbonic acid in Syenite; bv Mr. G. W. Hawf.s.

(From Mr, Hawes' New Hampshire Geological Report.)—The
presence of liquid carbonic acid in the microscopic cavities i hat

exist in the quartz of granites having been often observed, I care-

fully searched for it in the sections of the New Hampshire rocks.

Although the number of sections was large, yet in no case was I

a hie r<> find it in any of the granitic rocks, except in a syenite

from Columbia, and here it occurred in the greatest abundant.
and nnrJpr circumstances that render it- occurn nee interesting.

referred to is white in color, spotted with black,

In thin sections, however, plaejioclase, biotite, quartz

apatite are seen, and moreover calcite is found; a mineraland apa

which rarely occurs in granitic rocks. The quartz' is present

only in small amount, occupying angular corners between the

other constituents, but every grain of it is filled with cavities,

whieh are quite large, and many of them contain liquid carbon

v

acid. Its presence in connection with the calcite may indicate

that calcium carbonate was a constituent of the se'

material from which, this r..ck was made, and that at the tem-

vhich crystallization took place, a reaction occurred

i the silica and the carbonate resulting in the liberation ot

perature

between t

carbonic acid.



III. Botany and Zoology.

ze continuation

DeCandolle,
aliisque Botanicis ultra memoratis. Vol. I, Smilacece, Restiacem,
M-n„: -. «::„ t. dmiis ix. Paris Mu^i.n. June, 1878. pp.779,
roy. 8vo.—In this form and way we may hope to see the Monoco-

id some of the earlier Dicotyle-
donous ones re-elaborated. The middle of this volume is filled

by the monograph of Hestiacece, by Dr. Masters. This is an order
allied on the one hand to Juncaeece, on the other to Cyperacece, of
twenty genera and two hundred and thirty-four species, wholly of
the southern hemisphere, divided between South Africa (which
has much the larger share) and Australia with New Zealand, and
i angle species in Chili. It is not a prepossessing family, and

:

-t.;'ii account of the
in- inus character of most of them, and a striking difference be-

tween the plants of the two sexes, - are hard
to match. Much praise is due to Dr. Masters for his great labor,

I -kill Tit- i.irr. r hall of tin- \..lm lc ; - occupied by
Casimir DeCandolle with his neat revision of the Meliacece, chiefly
a tropical order. The stamineal tube in the mon
Meliaeece is concluded to be a staminiferous disk. The Sm&aeea
by Alphonse DeCandolle form the smaller but to us the most

I

part of the volume.
1'iiis order i- restricted to three genera; two of them dioecious,

H'tn-nsinn,,.,' with ui.it. 1 -epals, no petals, and three monadel-
phous stamens (East An separate sepals, petals,
~~ 3

(6-15) stamens; the third, Mhipogonum (of New Zealand

of prefato:

pleased to find that

unu (o-io) stamens; the I
(<>t JNew aeai;

and Australia), with hermaphrodite flowers. Of Smilax
hundred and eighty-six species, are characterized, and a dozen

e or doubtful. There are thirtv-ei^ht pa^cs

ia, in DeCandolle's best manner. We are

,e keeps up the */•";/re phrase, and with true

legating,- dy diagnostic

n. In dis-

cussing the nature and characters of the leaf (which in its general
sense is called "recentement et assez inutilement phyllome") the
morphology of the petiolar tendrils has to be considered ; the
conclusion is that these answer rather to leaflets than to stipules,
and the articulation, in some species well marked, between the
blade and the petiole, or in the petiole, is noted as supplying good

ieen overlooked. The umbels are

• or cymose. To distinguish, as is here done, the peri-
anth into sepals and petals and to use these nam. - when practica-
ble, is most proper; but it hardly follows that the term perianth «>r

Pengone will then have no ration d'etre. Whatever the number
on of the stamens, the carpels are superposed to the

sepals, as indeed is the case in most Monocotvledons. It is perti-
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nently noted that in Smihix, always
colored perianth, the pollen is papillose

flowers; but that Rhipoyonwn, the only hermaphrodite genus,

has a smoothish pollen, more like that transportable by the winds.

Most have odorous blossoms, some pleasantly, some the reverse.

DeCandolle asks whether in our Coprosmanthus (the name of

which in li. tc-
*'

l ill <><l..i i
this is common to both sexes and the

same in both. Can any of our readers speak to this? An expo-

sition of the geographic ••r-lev, and of what
is known of it in a fossil state, is followed by a statement that all

the four natural sections of ISmilax and the two other genera—
L e. all the types of the order—co-exist in the comparatively small

area comprised between the north of New Holland, the Figi

1-iai <K Tk>- ^ m<\-a i
-

• m i- m-K .' I J 11 an ; that In. lia has four of

these six types, New Holland three, North America two, a"

Europe and Africa one ; South America only one, but is rich i

probably monoecious, gamosepalous, apetalous,

ith more or less volatile pollen,—in short was

like .Sete/viv,..//...— tt.a: tl :- ancestor was in that region diver-

ging origin to the five other groups, beginning with

and most numerous in species, and

with Rhipogonum, which with Heterosmilax has clung

to its birthplace. The sole Californian Smilax is referred, as a

variety, to & rotundifolia, but is nearer & hispida, although

distinct from both. a. g.

2. The Ilor.i / Brin, \ India, by Sir J. D. Hookek, K.C.S.I.,

President R. S., etc., assisted by various botanists, makes fair

progress. Part V, the second part of the second volume (pp. 241

tore us, undated. In it y Baker are

the Rosacece elaborated by Dr. Hooker himself, the

is the type, the name Trichothalcwms is coined, a better one tl

Comocarpa in Torr. & Gray, Flora. Eriobotrya is kept up a

genus, as are Decaisne's Docynia and Pourthk

species. The speculative inference i

ns of Europe, the ancestors of the family occupied a <

i the region above indicated, of which the m

-
7

. It was devoted to the Gymno-
sperms, Monocotyledons, and the Sympetalous* (Gamopetalous)
i ho •: yledona The second was issued in the spring of th

year, on the eve of the author's removal to Berlin, to occupy
the botanical chair vacated by the death of Braun. It deal- wi* !i

the Apetalous and Choripetalous [Polypetalous] Dicotyledons,

*We take a fancy to this name Sympetalce; but Gamopetalae is older and in
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ito one class; it fills 575 pages and is illustrated by
. We had deferred notiee\>f this admirable work
1 he completed. This has now happily been done;
able at the present moment to prepare the detailed

such a useful, conscientious, and able contribution
ical botany should have. Being a work specially

The

it a, stamina,
ete.^ And in the preface to the seeond'part a h'\v pages are devoted
to similar topics;—to the spiral theory of the flower-organs and
'['<• nature of placenta and ovula (the author frankly modifying

t-'Oh.liplnsten.onv (the production ,.f the first rank of stamens
opposed to petals), which is in some sort a re-discussion of out-
L'rowths and inter.-ahm leaves, as treated in notes to the first

volume. These discussion^ ami the presentations by diagrams
;"' j iherwis. of th« partieuiai n .rpholog;, ot the natural orders
in systematic sequence, mark this work as'one ot the first impor-

4. Repertorh'n, .{,>„,<„,„ I,Urr<itu?.i P, ,'!<«/;.", cur. G. Bon-

- '
• ,

..':,
•
",.... _ '..*. '^'

-. ...
.

,'i r
:

[1'eexpr,.^;, „ of : ,dmi. .thm f,„ tin ra'i In! tud I M .nm-h manner
m which this work is planned and executed. The clarification of

'"I"'-" is very detailed and special; and there is a full index of
ll:i '»«'* "f genera :md orders, and another of authors. A. G.

/>. *>//, <>,,*;* nf t/„ (,', a,,* Aquilegia, by J. G. Baker.—A con-
tribution to the Gardener'* Chronicle. Loudon, concluded in the
number for August ! 7, isys; intended specially for horticultural

''
:

an. i I.e.rpndca (c.1 w! ieh Mr i

:

laker set •est- I now
-t w bite I r differe lit S,.ct ions,

unded ot

dug the n, the 'Cali-

1 fro in A.fnr
east). tand

. , it! ,

,' ,',

dried s.

.ale th
T"

A. o.
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6. Note on the Reestablishment of Forests in Iowa now in

{>,-<„/,> ss; by Prof. C. A. White. (Communicated)—In the admira-

ble lecture on Forest Geography and Archaeology by Professor

Asa Gray, published in the August and September numbers of this

Journal there is a single passing allusion or hypothetical state-

ment which I think involves an error. I refer to the two closing

sentences on page 94 of the August number which read thus:

"The difficulty of re-foresting bleak New England coasts, which

were originally well wooded, is well known. It is equally, but

probably not more difficult to establish forest on an Iowa prairit

with proper selection of trees." It is plain that.Professor Gray

intended in those sentences to state the difficulty of re-foresting

only hypothetically in order to meet the question, " Why have

the trees not grown where they might have done, and grown

again where they have been destroyed ?"
; and in the preceding

paragraph on the same page he had given a correct and concise

statement of the true arboreal status of Iowa.
In view of the grand facts and generalizations presented in that

lecture the objection here raised is very insignificant, but the

involves a question which to the people c

and this is my oul

, pp. 129-132 1 haw
of the results ofmany years observations in Iowa

and adjoining States of which the following is the substance.

All varieties of forest trees that are indigenous to th a r
r.-jion

will grow thriftily upon all varieties of its soil, when transplanted

or propagated from the seed. Wherever the annual fires have

been prevented, and no effort has been made to prevent the

growth of forest trees, they have rapidly taken possession ol

originally prairie surfaces and changed them to dense forests.

The forest area of Iowa has been increasing ever since its first

settlement by white men, even beyond the amount consumed, and

it is rapidly increasing to-day, 1.. .• h and arti-

ficial propagation. The latter may be so readily accomplished

that an Iowa farmer grows his forest with the same certainty and

facility that he does his corn and wheat. I do not intend to dis-

co** the question why these facts exist ; I only state them as I

know them ; but the following words by Professor Gray upon

this point strike me as not only sagacious", but strictly true. " 1

am disposed, on general considerations, to think that the line of

di-markation between our woods and our plains is not where it

was drawn by nature I suspect that the irregular

border line may have . . . been rendered more irregular, ana

have been carried further eastward wherever nature of soil or cir-

cumstances of exposure predisposed to it."
7. Entomological Contributions, No. IV; by J. A. Lint* eh.

(Printed in advance from the Thirtieth Annual Report on the

New York State Museum.) 144 pp. 8vo. Albany, June, is7^.—

A series of twenty-seven separate papers, of which the first three

are upon a "hair-worm" (Mermis acuminata) parasitic on the

apple-worm larva, the new carpet-bu<?, and the grape-seed fly-
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All tin- oilier papers are upon Lepidopiera. hum lpally of New
York State, including descriptions of new species, notes on habits,

capture, etc., and also a systematic arrangement of the Euro]>ean
and some America n I lesperid;e, partially from manuscript and
partially from a publication of Dr. Speyer of Prussia. s. i. s.

IV. ASTKONOMY.

1. Observation of the new planet (189); by C. H. F. Peters.
(From a letter to one of the editors, dated Litchfield Observatory
"i Iln.dtuM Coil, ge, Chnton, N. V., Sept. 1>, IMS)—The loll,/

about four o'clock in the i

after the erfered From the position as put
down in my chart, I derive the place, reduced to 1878-0

:

«= l
h 14m 2 s

; d= +10° 19'%

whence in combination with last night's observation follow the
daily motions —33 s and -5'2 about.
The magnitude of the planet I estimated at 11, and it was as

well visible with the light of the moon as it now is.

2. Annals of the harvard College Observatory.—Two more
volumes of Annals have just been distributed from the Harvard
College Astronomical Observatory. One is the second part of
Vol. IV, containing observations made in 1862-5 on the right

ascensions of 505 principal stars, and is edited bv Professor T. 11.

Ssifford. The other is Vol. IX, and is written by Professor C. S.

Peirce, of the ( oast Survey. It consists of five chapters, whose
titles indicate the ground covered by the author: ( 1) The Seiisu

tion of light; (2) The numbers of stars of different degrees of
brightness; (3) Original observations; (4) Comparisons of the
'' '«" _..'-, ,-\, ,-. . ,.-,, 'i'li. torm ot the galactic cluster. The
"h-er\ ations were made with a Zollner astrophotometer, under
li|,J general direction of Professor Winlock. They were begun at

-•
, and continued at Washington and elsewhere, as the

author's duties in the Coast Survey made changes of residence
necessary. The work is also published s, paratelv bv Engelmann,
Leipzig, Uuder the title Photometric Researches.

V. Miscellaneous Scientific Intelligence.

1. Amerifiin A**t«-hitbm. — The twenty-seventh meeting ol

the American Association for the Advancement of Science con
w"«d at St. Louis, Missouri, on Wednesday, August 21st, and
"•ntumed tor one week. The President of the meeting was
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Professor O. C. Marsh, and the Vice-President P. 1!. Thurston,
of llol.oken, and A. R. Grote, of Buffalo. The meeting was a

successful one, although the attendance was not so large as usual,

owing to the extreme heat and the fear of the yellow fever.

The local committee eoiiskted of Chancellor W. G. Eliot,

.lud-e Chahi.es Simak, I'm lessor J. K. Reks, George Bain,

Wm. Taussig, W. H. Pulsifer, Dr. George J. Eagelmann and

others, who made most satisfactory arrangements for the enter-

tainment of the members, and for the sessions of the Association.

Various excursions were made by the members to points of

interest in the vicinity of St. Louis: including one to open the

Cahokia mound across the liver in Illinois; another occupying

Saturday, the 24th of August, to Iron Mountain and Pilot Knob;
and, at the close of the meeting, there was an excursion to Colo-

rado, to occupy a week <

Addresses were deliv

R. H. Thurston, Vice-President of Section A, on the " Sciem

the Advancement of Science;" and by A. R. Crote, Vice Pivm-

i of Experience- ;"

--jry." The address of

the retiring President, Professor Simon Newcomb, delivered

Thur-lay evening, on "The Course of Nature," was a phiksophi

cal discourse of more than ordinary interest.

The next meeting is to In- held in iNiramna on the la-t Wed-

nesday in August. The office]

P. Langley, of Alleghany, Pa., Viee-i n
Major J. W. Powell, Vice-President of Section B; Professor

Remsen, Chairman of sub-Section of Chemistry ;
and Proles

E. W. Morley, of Hudson, Ohio, Chairman of sub-Section

Microscopy.
The following is a list of the papers which were read, or aceer.

for reading, in the several sections.

:
:

W. Ferrel. .,

oat the useof Innmt

nals or ''Limits," J. Ficklev
Outline of Work done by the Fort Worth Solar Eclipse Party, J- K. Kees.

A Peculiar Case of Fracture of Tool Steel, W. Kent.
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On the use of the Tasimeter for measuring the Heat of Stars and of the Sun's

On the results of the Spectroscopic Qbsem i of tl i a I u Eclipse of July 23,

| ;

s 'i's, (I. F. Barker.—A new method of determining the Pitch of a Tuning

A Wind-wave thoroughly Sensitive and thoroughly Steady, W. C. Taylor.
On a Standard Inch and a Standard Centimeter, W. A. Rogers.

0. Stone.
On a modified form of Telephone intended for a Seusitivi Kb . tn.scjx t,, r tin

Detection of Feeble Currents, P. H. Van der "Weyde.
' ''i the D Air, by means of Sudden Changes of Tern-

I"' 1 ni.jl 1.. w ;i i, v.ljustment of the Carlisle Tables, B. B. Elliott.—Interna-

. Ward.

II. Chemistry.

„_. of the Nat
J. L. Smith.—The n

i Nature in Meteoric Iron, id.

Klivn-irity an Agent in Vegetablem- Electrolytic Estimation of M
i.—Some Specific Gravity determinations

; of the Nature of the Oxide of the New Elemor

• ' om them, id.

Notes on the Life-1; !,-;-. and on the .structure ami de-

velopment of the genus Hornia Riley, C. V. Riley.—On the larval growth of
' [I'ImI'/s and Ch ; the Movements of the \U<vU

UoGxa.
A n Fossil impression in a Clacial Howlder, A. R. GROTE.

rence to their Geoloj

nary to Cleavage,
rerm-lamellse, Gastrula, etc., C. 0. Whitman.
Extracts from Modern Science bearing on the Law of Repetitic

30WERS.
Riehthofen's Theory of the Loess in the light of the Deposits of

-

)tice of a recent discovery of I

;;•;:
ed States, id.

- in Amia and Lepidosteus, B.
. Perkins.—Osteology <

i the Development of Amia, S. A. Forbes.
" ~ irly Decay of the male plant in Cannabx
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The Relation of Adhesion to Horizontal Pressure in Mountain Dynamics. II V.

Walling.—Some indications of Recent Sensitiveness to Pressure in the Karih.-

Geological History of the Colorado River and Plateaus, C. E. Dutton.

On the Consensus in Anit W. Ward.

( to certain dag the Cat's Brain as a type of the brains

of Mammals, B. G. Wilder.
The Alleged Volcano at Bald Mt., North Carolina, F. W. Clarke.
The Gold Region of Georgia, O. Little.

On the Compass Plants, G. Engelmann.
Discovery of Atlantosaurus and other Dinosaurs in the Rocky Mountains of

Colorado, A. Lakes.
i of Fossils showing the effects of the Geodizing process, A. H.

WORTHEN.

IV. Anthropology.

. Plan, L. H. Morgan.—Observations on t

t ancient scat of Village Indian Life,

wis! - (1 r, mi th i.-t . tli< Modern Indian, W. J. McGee.

V> i « - oi ,! [,!< i ,n n \\ 11 I Town of the Moundbuilders of the

Hey, !•. W. Putnam.
On the Discovery of a Human Skull in the Drift near Denver, Colorado, T. Belt.

2. Pennsylvania Geoloyi<-al Surrey.—Two new volumes of

Reports of this Survey have appeared : on the Fayette and West-

) pp. Svo, with maps an
cuts; and Two I iun.lred TaUes oi Klevalion :( L,>v< Tide L.'Yelot

tin- liailroad Stations, Summits and Tunnels, Canal Lock.- and
Dams, etc., in ami around Pennsylvania, by Chaki.es Allen. 280

pp. 8vo.

Professor Stevenson, in his volume, besides describing with
detail the stratification and coal beds of the region, gives in chap
ter 18, a partial statement of the facts on which were based the

'

chapter 1!>. h ,|is< u- >om and in-

'l"i', '- ,i M'« !i- iies ,f Pennsylvania; traces tin axes to their

final disappearance in West Virginia ; <hm\> thai they are sue-
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_r Tygarte Yalle,
chapter 20 he discusses the age oi ' hat the more
important 0110 existed < ;t rl v during' Coal-Measure times. On
page 282 an- some conclusions respecting lour of the coal-troughs;

chapter 21 treats of the structure of coal-beds and intervals be-

tween coal-beds ; shows that coal-beds divide; that in the great

trough, the groups thin out east, north and west ; also contains a

brief discussion of the nature oi' clay vein-, besides giving a few
notes on th< - and imper-
fect lists of t '.

3. Meethit/ of the British Association.—The meeting of I he
British Association for 1878 was ],, . the week
from August 14 to August 21. The opening exercise upon Wed-
nesday evening, the 14th, was the Inaugural Address by the

President-elect, Mr. William Spottiswode; it was devoted to a

dis ii

—
"n «n ,

|" the • Kvterual aspects and tendencies of Mathemati-
cal Science." Opening addresses were also made in the several

sections by thu i n-pccti\< prohicut -. t- follow- : in < hcmislry,
by Profess,

,

r Maxwell Sini])Son; in Geology, by Mr. John Kvans;
in Biology, departi u nt oi' P>otnn\ a id Zoo] ,_.\, b\ Professor W.
II. Flower, and by the vice president, Mr. R McDonnell, in the
department of Anatomv and Physiology; in Geography, bv Pro-
fessor C. Wyville Thomson ; in Mechanical Science, In Mr. Kdward
Easton. Lectures were delivered by Mr. Romano upon Animal
It _ uid by Prof.-oi- Dewa'r oi |)i- < i I >n, or Modern
Ideas of Chemical Action. A consid; table number of papers were
presented for reading. The attendance was much larger than at

the last general meeting, the number of persons present amount

the committee appointed to "consider th idvi- bility and to

estimate the expense o ad engine
;"<d the printing of tables by this means The committee while
praismg the work of Mr. Babbage as a marvel of mechanical inge-

nuity and resource, .-. ,1 >• utilitv of such an

Jigin. a- he had planned, decided that 1 hey could ni.t advise the
'iiti^h A-- iation! -, ;

. y -: p- toward Iia\ ing it const ructed.
Dr. Alhnan was elected president of the meeting to be hold in

1880 at Swansea.
A new form of Telephone ; by A. Floyd Delafield, A.B.,

I of wire. Move-

-P; : a thin ,,] ,e. The .,/o ot

"'
,

f

J

i( ' niagnet which can be use! is a

'''»" magnets which I use in the
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< ml- nearly touch it on the outside. The number of lines of force

perpendicular to the direction of its motion which are cut by the

coil is much increased by this disposition of the poles of the

magnet.

Bibliography of North American Invertebrate Palaeontology, by C. A. White,

M.D., and H. Alleyne Nicholson, M.D., etc. 132 pp. 8vo. Washington, 1878.

of the Interior U. S. Geol. Survey of the Territories ; Mie

Annual Report E the Chief Sig J < ntieer to the Secretary of War, for the year...
A .:.,;:.., ..

:

•• .

the Mississippi i. 0. B. Comstock and ('apt. II. M. Adams.
..I, of the Annual Report of the Chief of Engineers for 1-77. Wash-

ington, 1877.

Mas-. Vol. iv. Theterr.-t:. ,-.of rL. Tailed States and

the adjacent Territories of North Ameri< rated, by W. G.

Binney. Vol. v. Text, 430 pp. 8vo; vol. v. with 74 plates for vol. iii. and 16

.his and c

1879, by Asaph I la

U S. Navy, Superint

Anales i

Gould ; Tomo I, Clima de But

Aires, 1878.
' ..--.

of Great Britain in 1877. by Charles R. Al , •/ : :
-

The Ancient Life-history of the Earth :

Rev. W. B. Clarke, a ueoh >gi>t of eminence in Australia, as

well as a clergyman of the Church of Knu-l.-i.iid, died on the 16th

of June last at" St. Leonards (near Sydney), New South Wales,

at the iiM-e of eighty-five. Mr.
in u-eolou-y. His labors in .\geology. His labors in Australia were continued lor m<

than forty years, and resulted in many ini]>ortant discoveries a

great progress to Australian geology. The first announcerm
torty years, and resulted in many import

; progress to Australian geology. The
)ld in Australia was claimed by Mr. Clarke;

time, in 1851, Australia be^an its career as a gold-prod

of the
T

Clarke was an active
Academy of New South Wales, and for several years its Viced 'resi-

dent. His scientific publications are papers read before the Geo-

logical Society of London; anniversary addresses as Vice-Presi-

dent of the Royal Society; and various p npld. t- on o-eoloeaYai

discoveries in Australia and Australasia, with one on the Causes

and Phenomena of Earthquakes especialK in relation to shocks

felt in New South Wales and in other Australasian Provinces.

work as well as in his field exnlora
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Art. XXXVIII.— On some points in Lilhology ; by James D.

I. Ok some op the Characters employed in distinguishing
DIFFERENT KlNDS OF ROCKS.

Lithology is a department of Geology, rocks being the ma-
terial in and through which geological problems are presented
for study. The true aim of the science of lithology is to describe
the kinds of rocks mineralogically and chemically, and to note
down their distinctions, in such a manner as shall best contri-
bute to the objects of geology ; and these latter objects include,
as regards rocks, the origin of the minerals, and mineral asso-

instituting or occurring in rocks : the origin of the
rock masses and their relations to other geological phenomena;
and the origin of all changes or transformations that have taken
place in rocks in the course of the earth's physical develop-
ment. Geology, chemistry and mineralogy have each to be
considered in determining' the proper distinctions between the
kinds of rocks. Should lithology make much of mere differ-
ence in texture, or in ingredients that are present only in
minute proportion, geology might rightly say that, for such a

purpose, these points are of small importance compared with
the nature or composition of the mass.
The defining of rocks is attended with special difficulties on

account of their mutual transitions. From granite down they
are, with very few exceptions, mixtures of minerals, as much
so as the mud of a mud bank. They graduate into one another

py indefinite blendings, as the mud of one mud bank graduates
into the mud of others around it In fact a large part of the
Am- Jonu. Sct.-Third Series, Vol. XVI, No. 95.-Nov., 1878.
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crystalline rocks were once actual mud beds or sand beds ; and

even part of the eruptive rocks may have been so in their

earlier history. Strongly drawn limits no where exist. Rocks

are hence of different kinds, not of different species ; and only

those mixtures are to be regarded as distinct kinds of rocks which

have a sufficiently wide distribution to make a distinct name
important to the geologist. Other kinds have to be classed as

varieties, if worthy of that degree of recognition.

In the following pages I propose to consider the value of some

of the distil!.
i h we generally accepted at the

present time in defining certain kinds of rocks.

I. "Older" and " Younger."—The distinctions "older" and

"younger," often applied to a number of kinds of eruptive

rocks, seem to imply that the earth has generated different kinds

of rocks as it has grown old. The terms have reference, how-

ever, to only one epoch of abrupt change—that between the

Cretaceous and Tertiary, "older" signifying pre-Tertiary and

"younger," Tertiary or later in date. It is of eminent impor-

tance to geology to know definitely whether this epoch was one

of great change in the earth's ejections, and an epoch so marked

that the rocks on one side of the time-boundary are deserving

generally of different names from those of the other; for thus

lithology, judging from some recent works, as well as older, has

seemingly decided.

Some examples of the " older" kinds are dioryte, diabase, and a

large part of i>l*yt.e ; and some of the "younger" are

doleryte or basalt, and trachyte. The value of the distinction

may be learned from a comparison of the rocks of one of

these series with the rocks of the other.

First as to diabase and doleryte. Typical diabase consists,

according to the descriptions, of labradorite and augite, with

some magnetite or titanic iron : and so does doleryte. Diabase,

to a large extent, is a crystalline-granular rock ; so is doleryte.

Diabase was formerly supposed to be peculiar in c

chlorite, but it is now proved, as asserted by Rosenbusch, that

chlorite is not an essential characteristic, so that diabase may
be chloritic or not ; and the same is true of doleryte. Old dia-

base was described as differing from the younger rock doleryte

in containing no gkw is among the crystal-

line grains; but this als later observations, and

Rosenbusch according! into (1) massive gran-

ular di.du-e, VI) dia'>a-e prcphvnte, ; n< 1 (3 , -Ja-
base : and corresponding subdivisions are as good for doleryte.

Thus in chemical composition, in mineral composition, in text-

ure, in the presence or absence of chlorite, in the presence or

absence of glassy portions, the two rocks are identical. Anal-

yses of " diabases" from the Archaean to the Tertiary, and of



J. D. Dana on the chamcU-rs <h'*iln'jiu\shin<j Kind* oj Rocks. 337

"dolerytes" of subsequ
essentially the same che
all geological ages, as has been well urged by Allport and
others. The analyses might be cited ; but this is not necessary,
since in mineral composition typical diabase and doleryte are
admitted to be identical.

The fact as regards these two rocks, then, give no founda-
tion for the idea of such a transition epoch in rock-making at

the close of the Cretaceous period. And if not, it is bad for

geology to have such epithets as "younger" and "older"
treated with so great distinction.

Again : the difference between dioryie (" older") and propylyte

("younger') is not in the chemical or mil
the rocks; and hence, whatever difference there be is only in

texture and is, therefore, of little geological value.

Again, felsyte and trachyte are rocks of one and the same
and mineral constitution. Ordinary felsyte consists

of orthoclase, or orthoclase and oligoclase, with sometimes dis-

seminated hornblende or quartz ; and the same is precisely the

institution of Kinds of trachyte. They differ in aspect, and
feel differently under the fingers; and still some varieties of
felsyte differ "from ordinary trachyte only in having the dis-

: orthoclase crystals not translucent, a difference of
very small value mineralogically and not less so geologi-
cally. The rock of c in Canada and Ver-
mont, Paleozoic in age, is called trachyte by T. Sterry Hunt,
in the Canada Geological Report, because of the essential iden-
tity with that rock; 'and Mr. Gk W. Hawes, in his New Hamp-
*

1 "" Import >a\. (p. 187), of New Hampshire's "orthoclase-
porphyry," " were it not that the feldspar is opaque orthoclase
histead of deal' sanidin [that is, glassy orthoclase] one would
!! i!i " liately think of trachyte on examining these rocks."

Moreover, Messrs. E. Beyer and Suess, eminent geologists of
Vienna, have shown that trachyte occurs in the Euganean Hills
°f Cretaceous and .Jurassic age," as well as of Tertiary. Further,

ng the "younger" rocks of the globe, that

s of volcanoes, where there is no trachyte :

id, trachyte sometimes graduates indefin-
itely into felsyte.

The facts show, consequently, that orthoclase rocks, or ortho-
clase and oligoclase, have been erupted from Paleozoic time

;"-'v'''i. and that the distinctions found in some of the latest

kiuds are superficial : a little rougher surface, more translu-

. and some glass at times among the crys-

*ins
; but nothing that has any geological weight

While then it may be well to retain the names of trachyte and
felsyte, on account of the obvious external differences and the

: otlie
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wide extent to which the two varieties of rock are distributed

over the earth's surface, the epithet "younger" as applied to

trachyte and some felsyte can subserve plainly no good use.

The essential chemical identity of the "older" and "younger"
rocks is further exhibited in the fact that the hornblende-

bearing rock labradorite-dioryte, called one of the "older," has

the same ultimate constitution as the augite-bearing rocks

"older" and "younger," called diabase, doleryte and basalt

This fact emphasizes the great truth, that the rock-making
materials of former time are the same as those of recent.

During and since the Tertiary era more true subaerial vol-

canic eruptions have taken place than in any one ancient

period ; but there were also many then. As to fundamental

differences between the materials ejected by the "older" and

"younger" world there appear to be none which are of essential

*e. Glass or no glass is made an important criterion
;

but glass is simply a result of comparatively rapid cooling and
alone indicates no essential differences in the melted mass.

Dropping the adjectives "younger" and "older" would
require the dropping of the distinctive names based on them,

unless some better reason exists for retaining them.
If diabase is not distinct from doleryte in some important way

besides that of time of eruption, the name diabase (the newer
of the two) is unnecessary. In fact, the rocks are not distinct

in external characters any more than in chemical or miner-

alogies! The rock of the Giant's Causeway was pronounced
diabase on microscopic grounds when its geological age was
unknown ; but it has since been proved to be Miocene Tertiary

;

and now although just as much diabase in constitution as be-

fore, it becomes, on the "younger" and "older" scale, doleryte

or basalt.

Some of the differences attributed to difference in age may
be due to differences in origin—that is, to the rock's being

hie in one case, and eruptive in another. There are

08 of this kind of great interest yet to be followed out

;

and they may sometimes have a sufficient geological value for

recognition in distinct names, although this may not be gener-

ally the case.

2. Foliated or not—Some rocks are described as having foliated

pyroxene or foliated hornblende, that is, diallage, pseudo-

hypersthene or smaragdite, as the characterizing ingredient. The
question here is whether the distil i not foliated

is of sufficient importance to be used as a distinction among
kinds of rocks.

In the first pla

Secondly, although mineralogy once made i
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tion, it now makes little of it. Thirdly, it is not sustained by
the analyses of the varieties of foliated pyroxene—diallage,
and the wrongly called hypersthene being essentially identical
in composition with common augite of eruptive rocks, and the
simragdite with other crystallized hornblende. This is shown
in any work giving full lists of analyses of minerals, and is

well understood
;
yet the introduction here of a few of the

analyses may not be superfluous. Nos. 1 to 5, are of diallage
and pseudo-hypersthene, and 6 to 8 of augite crystals from
Etna and Vesuvius.

SiO* A1„0, FeO MnO MgO CaO H 2

- Florence, Diall... 53-20 2"47 8-67 0-38 14-91 19-09 177= 100-49, Kohler.
. Piedmont, DiaU... 50-05 2-58 11-98 17-24 15-63 2-13= 99-61, Regnault.
. Graubiindten,Z)iafl. 491

2

3-04 11-45 1533 18-54 1-46= 99-94, v. Rath.

&yp. .. 52-34 3-05 8-84 15-58 1918 066= 9965, Streng.
.. 53-60 1-99 8-95 0"28 13-08 21-06 0"86= 99 82, v. Rath.

• Etna, Augite Crysl. 50-55 485 7-96 13-01 22-29 = 98-66, Kudernatsch.

Vesuvius, " 49-61 442 908 1422 22-83 =100-16, Rammelsberg.

slight to m
neralogical and chemical differences are thus too

make the distinction of any lithological importance,

The particular rock, in the description of which the charac-
ter stands prominent, is that called Gabbro in Germany. It is

well known that this Italian word was the provincial name
originally of common serpentine. Ferber in his " Briefe aus
dem Walsc [tely), written in the years
1771, 1772, and published in 1773, describes so well the rock
near Florence, that we cite briefly from him. He first says, in

a letter from Florence of Dec. 11, 1771, (in which he gives
scientific notes on the minerals and rocks of the region) that
the Gabbro of the Italians, occurring in Italy, Tuscany and
Genoa, is identical with the serpentine of Saxony. Then, in

another, of May 23, 1772, he repeats the statement and
describes particularly, and with scientific precision, the gabbro
of Mt. Impruneta, near Florence, and mentions the occurrence
m it of a talky micaceous mineral which affords, be says, a pow-
der greasy to the touch (the diallage) and also amianthus. He
then adds that ''in horizontelen Schichten in den Gabbro-Bergen
urn Impruneta findet sich der sogenannte Granitone, welcher
aus weissen Feldspat, der an eii

und mit Sauren brauset, etwas griinlichtem silberfarbigen wiir-

flichten Glimmer, und griinlicher Serpentin-Erde, besteht:"
a description that distinguishes the gabbro from the granitone.

be says, that some of the granitone consists of the

white feldspar in large parallelopipeds and green gabbro-

out the micaceous mineral."



The word Gabbro, as it is now used (and was so first by von
Buch in 1810) is app •. the associate of the

1

ut, besides this, to rocks consisting of foliated

variety, as the analyses show, there is evidently

no foundation whatever for separating the rock from other

labradorite-augite eruptive rocks.

Granitone is the same as euphotide, a rock distributed at

intervals along the Alps from Savoy and Isere in France

through Piedmont, to the valley of the Saas, north of east of

Monte Rosa, and the G I
ring also in Silesia and

on the island of Corsica, and found commonly associated with

serpentine. Its chief characteristic is—not its foliated diallage

or smaragdite (either of which is usually a mixture of horn-

blende and pyroxene), but its consisting largely of the com-

pact jade-like material called saussurite ; for it would be the

same rock, essentially, whether the hornblende and pyroxene

were distinctly foliated or not ; and, in fact, in part of it the

texture is aphanitic, and nothing foliated is disti guisl

Saussuntc has a close relation to some of the feldspars in its

constituents, it being essentially a soda-lime-alumina silicate;

and still, as has long been recognized, it is not a feldspar. This

has been rightly sustained by the fact of the high density,

which is over 29 (2-9 to 34), in saussurite, and less than 2765
in the feldspar group. It is further proved by its occurrence

occasionally under the crystalline forms of a triclinic feldspar,

but with a fine granular or aphanitic structure ; thus having,

instead of the cleavage structure belonging to the feldspar, a

feature belonging to a pseudomorph. In such cases it was once

feldspar ; but some change has come over it that has resulted

in a molecular transformation, affecting both the crystalline

character and the density. Saussurite appears to cover a group

of minerals, like feldspar. One kind is between anorthite and

zoisite in composition, though differing from both in the soda

and magnesia, and from all feldspars in its not having the

feldspar-ratio between the silica and soda. A second has the

composition of labradorite ; and a third the composition nearly

of oligoclase. A fourth, from Corsica, analyzed by Boulanger,
is a lime-alumina silicate, like anorthite and zoisite. The
saussurite group, with density between 2-9 and 34, nil

parallel with the feldspar group. The first is Saussurite, Th. de

Saussure having named thus the Lake Geneva variety, after his

father, in 1806; the third is Jadeite; and the second maybe
called, from one of its localities, Gmevrite.
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The following are analyses of the three prominent kinds, and
of normal anorthite, labradorite and oligoclase.

i. Si0 2 A10, FeO, FeO MgO CaO Na 2 K2 ign.
•Geneva -- 43-59 27-72 2-01 •J-9S 19-71 3-08 0-35= 10004, Hunt.
• ^neva 45-34 30-28 1-37 3"88 13-87 4-23 0-71= 99-68, Fikcnscher.

- Silesia 50-84 26'00 2-73 0-22 14-95 4-68 <

• Silesia 51-76 26-82 1-77 0"35 12-96 4-61 (

• gnst.... 52-21 29-64 0-48 0"26 12-43 4-00 (

• Durance \ 5612 17-40 7-79 3-41 8-74 372 (

Jadeite, China 59-17 22-58 1-15 1-15 2-68 12-93
•

" Switz 58-89 22-40 1-28 1"28 312 1286 C
u — 58-28 21-86 2-41 1

Normal anorthite _ 43-1 36-9 20-0
Normal labradorite 52-9 30-3 12-3 4-5
Normal oligoclase . 61-9 24-1 5-2 8-8 -

Specific gravity of 1, 3-227
; of 2, 3-3-3-4 ; of 3, 316;

= 3-75= 100-00, Delesse.

i conditions needed to pi

sociated with euphotide.

•.-. :...,: !.-.-
- view by his analysis above),

feldspar. Damour obtained

The relation to the feldspar group indicates the
of special geological circumstances, which turned feldspathic

material into saussurite. The circumstances that determined
the crystallization or metamorphism may have produced,
m its incipient stage, soda-lime feldspar ; but it ended in

making a large part, or the whole, saussurite. Moreover the
hornblende has been shown to be in part, at least, pseudomor-
phous after pyroxene; so that the foliated ingredient bears like

evidence in favor of this mode of origin. Consequently saus-
surite rocks not only differ molecularly from any labradorite
or feldspar rock, but are indications of peculiar geological
operations on a large scale ; and this, connected with other
differences, makes it desirable to distinguish such rocks by a
special name. The saussurite, and not the foliated mineral, is

the chief ingredient on which the distinction rests.

Euphotide is therefore a different rock from any consisting

ofcleavable labradorite and pyroxene or hornblende, both on
mineralogical and geological grounds. The foliated condition
of the latter constituent is not reason enough for ova



342 J. D. Dana on some points in Lithology.

the more fundamental differences. As the name yaU,r<> has

covered rocks of so different kinds, lithology would be freer

of ambiguities without it.

The true , roxene rock of Scandinavia, the

aeks, British America and other regions, somctiiiK-s

called Noryte—the third kind of gabbro—has the chemical and

mineralogical constitution of diabase or doleryte. But it dif-

fers from these in its granitoid aspect and geological relations,

and is of metamorphic origin ; and as it is of wide geographical

distribution, geology seems to require for it a distinct name, and

noryte is an appropriate one. The pyroxene, though generally

foliated, is not always so. When, in place of pyroxene, there

is true hypersthene, a mineral of different composition and
character, as at St. Paul's, Labrador, the rock is then rightly

called Hypersthenyte, and this name is so used by Zirkel.

3. Porphyritic Structure— Porphyry naturally took the posi-

tion of a species in the mineralogy of the ancients. But it is

now well known, and generally admitted, that the

structure is largly due to conditions attending the former tem-

perature and cooling of the rock-mass, and distinguishes only

: porphynti

But still it is usual to find dioryte divided, for 1

primary subdivisions, into ordinary dioryte and dioryte-porph-

yry; diabase into granular diabase and diabase-porphyry or

diabase-porphyrite ; felsyte into felsyte and felsyte-porphyry ;

and so on, as if the porphyritic structure were deserving of

first prominence in the question of division into varieties, even

greater than mineral constitution : and sometimes it is even

made the basis of a distinct kind of rock.

But, first, this porphyritic feature is only one grade in the

crystalline condition, arid is of no more value as regards rock-

distinctions than other grades.

Secondly, it is of far less importance in this respect than any

variations in chemical or mineral compositions, such as are

made the basis of other varieties.

Thirdly, it has often little stability in a rock-formation ;

for transitions in a dioryte from porphyritic dioryte to non-

feio are often found to take place at short inter-

rally as well as vertically; and so it is with other

tic rocks. Within three miles west of New Haven,
Connecticut, a labradorite-dioryte

ds of a few rods, ;^~
based merely on this condition in the feldspar.

Half a dozen miles farther west there is porphyritic granite

which graduates in a few yards at some points int<> porphyritic

gneiss (the crystals of orthoclase, two inches long and three-

fourths of an inch broad) and this last graduates near by into

ordinary gneiss
; and gradations from porphyrvtic to ordinary
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gneiss are very common in the region. Such facts make it

evident that the porphyritic structure is a characteristic of
*

i ve importance ; that a porphyritic variety may have
rightly a place on a level with other ordinary varieties, but
never above one based on variations in composition.
The porphyritic structure is an easy character to observe,

but this is not an argument in its favor that science can enter-

.
.

•'
' -

f""'l >}
<H' •

'"'","'
, Mack porphyry") and

others (abbreviated sometimes to felsophyre, amygdalophyre,
granophyre, etc.) have high authority. But they seem to
belong rather to books on polished stones than to scientific

works on lithology.

The occurrence also of the augite of an eruptive rock in

dwtincl rrystals, or of quartz in double pyramids, and other
similar cases, can have nothing more than a small varietal

value. The criterion—crystals or not—is sufficient to distin-

guish only varieties in mineralogy ; and lithology can rightly
make no more of it.

So par as I can learn from the daily papers, there seems to
he a considerable unanimity of opinion as to the nature of the
1'ght of the corona. My observations, made at Separation,
with Prof. Newcomb, lead me to a somewhat different conclu-
sion from those above referred to ; I therefore ask leave to

describe my work.
Like many other observers of the eclipse I had set myself

the task of determining the source of the light of the corona
;

and this I attempted only so far as to decide by the presence or
absence of dark lines in the spectrum of the corona, whether
the light was the reflected light of the sun or due to the self-

luminous material, or whether it was due to both these com-
bined. For this work I used a direct vision five-prism spec-

troscope, made by Browning, attached to an equatorially

mounted telescopeof 3£ inch aperture and about five feet focal

length. In addition I had prepared to use a hand polariscope
consisting of a double-image prism and mica plate. These were
the best tools for the work at my command. A few days before

fhe eclipse Mr. Lockver asked me, if time permitted, to exam-
me with a radial slit whether the 1474 line came close down
to the sun's surface or broke off some distance above it. Pre-
vious observers were somewhat at variance as to the fact
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tied to depend the simple or compound nature

ng the green light. I therefore determined to

ork by adjusting the slit tangent to the disap-

pearing limb of the sun at the beginning of totality in order to

witness the reversal of the Fraunhofer lines, so admirably seen

by Prof. Young in 1870, but not visible to some observers who
looked for them in 1871. I proposed to look particularly for

the 1474 line with the slit in this position and then to place it

radially to see if the line thickened as it approached the sun's

surface. The remainder of the time was to be devoted to the

dark lines of the coronal spectrum and to the polariscope. I

was fortunate in securing the services of Dr. Dewitt, M.D.,

U.S.A., to direct my telescope. During two days we practiced

upon the eba outs I had decided upon making
during totality. By practice upon bright clouds, the sky and

the moon, I decided that I could open the slit to *1 mm. while

searching for the dark lines. All previous observers had

described the continuous spectrum as faint. It was therefore

necessary to use a slit as wide as possible and at the same time

be certain of seeing the lines. As totality approached we
adjusted the slit carefully tangent to the narrow crescent of the

sun. The slit plates had previously been covered with white

paper to secure a distinct image of 'the corona at the focus of

the objective. The telescope of the spectroscope was clamped so

as to have the spectrum from about C to F in the field. Placing

s telescope in time to get the last glimmer of the

tied an instant after i

1

"
i bright lines appeared, flashing <

brightness. The time during which
brilliancy with which the bright lines appeared, flashing c

this beautiful sight lasted was not sufficien

tively identify the lines; yet t: nig left no

doubt in my mind that they occupied the places which a mo-

ment before had been occupied by the dark lines of the solar

spectrum. The continuous spectrum of the sun entirely disap-

peared before the bright lines made their appearance. I could

n«.t estimate the number of bright lines that were in the field

during the probable two seconds they were visible, but they

were very numerous and the impression left upon my mind
was that their brilliancy corresponded to the darkness of the

same absorption bands in the solar spectrum. From ;

ness and position I am confident f saw the 1474 line. When
: nt line spectrum vanished, no lines either dark or

bright were visible, but a continuous spectrum held its p&ce.

I did not notice any continuous spectrum while the lines were

As previously arranged the slit was placed radially. Stall

nothing was visible but a continuous spectrum, not bright.
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The slit was at this time open -02 mm. to which it was set be-
fore the eclipse began. The spectroscope was now rotated 90°

and the slit opened to the division of the screw-head previously
decided upon. The spectrum was then much brighter than I
had anticipated. I directed my assistant to move the slit grad-
ually away from the sun through the brightest part of the
corona. This was done until the spectrum disappeared, when
it was moved Lack again. The spectrum being so bright I

directed the slit to be partly closed. I do not know how wide
it was during the latter part of my search and omitted to exam-
ine it after the eclipse, but I estimate that it was not more than
"05 mm. The image of the corona on both sides of the sun,

east and west, was caused to slowly move over the slit, yet no
trace of a break in the continuous spectrum was visible.

Though the spectroscope was adjusted for sharp definition of
lines between C and F, I repeatedly swept over the whole length
of the spectrum. I am confident that if the dark lines had ap-

proached in distinctness those of the solar spectrum they could
not have escaped my attention, which was continued to the end
<>i totality. Two minutes at least was devoted to this search.

The >•; inclusion therefore forces itself upon my mind that the
light of the corona is not all reflected light. Several considera-

tions I think lead to this conclusion. I'etii this eclipse no
observer has ever seen the dark lines in the spectrum of the
corona except M. Janssen, who reported dark lines, notably D
in 1871, but much more difficult to see than the bright lines.

Several observers during the recent eclipse failed to see the dark
lines, though they looked for them carefully. While I do not

question the results of observers who report the presence of

dark lines I think all the observations taken together show
that the continuous spectrum of the corona is not the spectrum
of the sun. Aside from this, Prof. Arthur W. Wright made
measurements of the polarization of the light of the corona,
the first time I think it has been attempted, and has found
the polarization to be but a small percentage of the whole light

emitted. Although all reflected light does not reach us as polar-
ized light, yet I think the -enall percentage of polarization

taken with the faintness of the dark line-; indicates that the cor-

ona is to a considerable extent self-luminous. The meteoric
dust not only reflects the sun's light but it is continually show-
ering upon the sun and in its passage through its atmosphere
is rendered incandescent
No photographs of the spectrum of the corona can probably

throw any light upon the matter.

August 31, 1871.
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Art. XL.—Note on the Reticulated Forms of the Sun's Surface ;

by Edward S. Holden. Communicated by permission of

Rear Admiral John Rodgers, Supt. U. S. Naval Observatory.

On September 16 and succeeding days a watch, was kept on
the sun's disc, at the request of Professor Watson, for a possible
tmusit <>f Vulcan.

Just before noon of September 16, Professor Eastman called

my attention to certaii rms on the sun's disc

which were visible when the sun's image, seen by projection,

was allowed to move across a white screen. This was with the

inch Munich equatorial. I immediately turned the 26-inch

clock. The image was thrown on a white screen 'about twelve
rom the focal plane and the shadows of the micrometer

wires (which were placed 100" apart) gave a scale of reference.

Reticulated Structure of Solar Surface.

The general mottling of the surface was not so well seen
when the telescope was driven by the clock, as when the image
was allowed to move across the screen. But close attention
showed the whole surface to be covered by a network of dark
lines 2"-3"? in thickness, each bounding an area which in gen-
eral shape strongly suggested the polvgonal forms photographed
by Janssen and previously described and figured by Huggins
and Langley. The area bounded by these lines was not seen
filled by the smaller forms of Janss.-u. Ti..-j d:u-k lines when



E. & Holden— Reticulated Forms of the Sun's Surface. 347

seen were traced upon the screen by pencil lines and the result

is shown in fig. 1. The representation is rough at best, but it

has the merit of fidelity. As I was in doubt as to the meaning
of my sketch and almost as to the real nature of the appear-

ances, I enclosed it to Professor Langley and received from him
the accompanying sketch, made July" 25, 1873, at Allegheny,
and a letter, a portion of which I quote"with his kind permission.

" Allegheny Observatory, Allegheny, Pa., Sept. 23, 1878.

"The reticulated surfaee-fornis, seen in good definition,

occupied me at one time, and I enclose one of my early

sketches reduced to the same scale as yours. In the very best

definition I think you would find these' less conspicuous—not
that they are a product of poor seeing, but that an exquisite

definition fills the field with details of which these seem but the

aggregations. Yet it cannot be said to be absolutely sure that

this obscuration of detail may not occur in the sun itself and
present itself in the best seeing. I am disposed to admit the

possibility of this, while holding that the change is chiefly from
our own atmosphere. It is at any rate interesting to see how
well our drawings agree in giving a certain uniformity of size

to these clusters (clusters of smaller objects I take them for).

It is quite clear that there is an essential agreement here

between our entirely independent sketches."

It should be mentioned that at Washington the definition

was exceptionally good. The steadiness of the image I should
call Wt. 4 on a scale of 5 = perfectly steady ; I = extremely

unsteady. The sky was quite clear.

It has seemed to me since receiving Profess. <v L:>> _

that these observations should be recorded, in spite of their

fragmentary character.
U. S. Naval Observatory, Oct. 1, 1878.
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Art. XLL—Obsm

first magnitude stars in brightness, have lately been record©

by me during some regular period of watching, at Cambridge,
Mass. The tnnr< of apKo-ition mar be considered as accurate

to within half a minute. The list is given for publication in

hope that other observers may have recorded some of them, in

which case interesting and valuable results can be deduced.

No. 14 was also seen and mapped by Mr. S. 0. Chandler, Jr.,

at Marlboro, N. H., further particulars of which, together with

the results deduced from others doubly observed by Mr.

Chandler and the writer during the last of August, will he

given in a future communication.
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Art. XLIL—Remarks on the General Ocean Circulation ; by
Sir Wyville Thomson. From his Address to the Geo-
graphical Section of the British Association, at its recent

meeting.*

It was pointed out long ago by Sir Charles Lyell that many
of the most marked phenomena of the present physical condi-
tion of the globe depend upon the fact that the surface of the
world is divided into two hemispheres, one of which contains
nearly the whole of the dry land of this world, while the other
is almost entirely covered by water. The center of the land
hemisphere is somewhere in Great Britain, and the center of the
water hemisphere, which includes the southern sea, the South
Pacific, whatever antarctic land there may be, Australia, and
the southern point of South America, is in this neighborhood
of New Zealand. With a full knowledge of the absolute con-
tinuity of the ocean we have hitherto been too much in the
habit of regarding it as composed of several oceans, each pos-

sibly under special physical conditions. All recent observa-
tions have, however, shown us that the vast expanse of water
which has its center in the southern hemisphere is the one great
ocean of the world, of which the Atlantic with the Arctic Sea
and the North Pacific are merely northward extending gulfs

;

and that any physical phenomena affecting obviously one por-

tion of its area must be regarded as one of an interdependent
system of phenomena affecting the ocean as a whole.

Shallow as the stratum of water forming the ocean is—a mere
film in proportion to the radius of the earth—it is very defi-

nitely split up into two layers, which, so far as all questic

concerning ocean movements a- t>f tempera-
ture are concerned, are under very different conditions. At a
depth varying in different parts of the world, but averaging

' perhaps 500 fathoms, we arrive at a layer of water at a tem-
perature of 40° F., and this may b- ndof neutral
band separating the two layers." Above this band the tempera-
ture varies greatly over different areas, the isothermobathic Knes
are sometimes tolerably equally distributed, and at other times
crowding together towards the surface, while beneath it the

temperature almost universally sinks very slowly and with
• n em to ft mh.

; mum at the bottom.
The cause of natural phenomena, such as the movements oi

ases of water, or the existence over large areas of

abnormal temperature conditions, are always more or less com-
plex, but in almost all cases one cause appears to be so very
much the most efficient that in taking a general view all others

* Nature, August 22, 1878.
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i this sense it

nd their modifications and

i of all movements in the stratum

of the ocean above the neutral layer. This system of horizontal

circulation, although so enormously important in its influences

upon the distribution of climate is sufficiently simple. Disre-

garding minor details, the great equatorial current driven from

east to west across the northerly extensions of the ocean by the

trade-winds, impinges upon the eastern coasts of the coi

A branch turns northward and circles round the closed end of

the Pacific, tending to curl back to the North American coast

from its excess of initial velocity ; and in the Atlantic, follow-

ing a corresponding course, the Gulf Stream bathes the shores

of Northern Europe, and a branch of it forces its way into the

Arctic basin, and battling against the palseocrystic ice, keeps

imperfectly open the water-way by which NordenskjoM hopes

to work his course to Behring's Strait. The southern deflec-

tions are practically lost, being to a great extent, though not

entirely dissipated in the great westerly current of the southern

anti-trades.

One of the most singular results of these later investigations

is the establishment of the fact that all the vast mass of water,

often upwards of 2,000 fathoms in thickness, below the neutral

band, is moving slowly to the northward ; that in fact the

depths of the Atlantic, the Pacific and the Indian Oceans are

occupied by tongues of the Antarctic Sea, preserving in the

main its characteristic temperatures. The maintenance of a

low temperature while the temperature of the floor of the ocean

must be higher, and that of the upper layers of the sea greatly

higher, is in itself a conclusive proof of steady movement of

the water from a cold source ; and the fact that the temperature

of the lower layers of water, both in the Atlantic and the

Pacific, is slightly but perceptibly raised to the northward,

while the continuity of every layer with a corresponding layer

in the southern sea can be clearly traced, indicates the southern

position of that source.

The immediate explanation of this very unexpected phenome-
non seems simple. For some cause or other, as yet not fully

understood, evaporation is greatly in excess of precipitation

over the northern portion of the land-hemisphere, while over

the water-hemisphere, and particularly over its southern pur-

part of the general ^,r -

ed on tan
'

! vapor in thenort
by upper wind currents to the zone of low barometric pressu:

in the south, where it is precipitated in the form of snow <

rain, and welling thence northward in the deepest channels c
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account of the high specific gravity dependent on its low tem-
perature, it supplies the place of the water which has been
removed.
The cold water wells northward, but it meets with some

obstructions on its way, and these obstructions, while they
prove the northward movement, if further proof were needed,
bring out another law by which the distribution of ocean tem-
perature is regulated. The deeper water sinks slowly to a
minimum at the bottom, so that if we suppose the temperature
at a depth of 2,000 fathoms to be 36° F., the temperature at a
depth of 3,000 may be, say, 32°. Now, if in this case the slow
current meet on its northward path a continuous barrier in the
form of a submarine mountain ridge rising to within 2,000
fathoms of the SL';i-.-uri';u-<\ it is clear that all the water below a
temperature of 36° will be arrested, and, however deep the
basin beyond the ridge may be, the water will maintain a mini-
mum of 36° from a depth of 2,000 fathoms to the bottom. In
many parts of the ocean we have most remarkable examples of
the effect upon deep-sea temperature of such barriers intersect-
ing cold indraughts, the most marked instance, perhaps, a sin-

gular chain of closed seas at different temperatures among the
islands of the Malay Archipelago; but we have also a striking

instance nearer home. Evaporation is greatly in excess of

tiot) over the area of the Mediterranean, and conse-
quently, in order to keep up the supply of water to the

mean, there is a constant inward current through the
Straits of Gibraltar from the Atlantic ; I need not at present
refer to an occasional tidal counter-current. The minimum
temperature of the Mediterranean is about 54° F. from a depth
*>f 100 fathoms to the bottom. The temperature of 54° is

reached in the Atlantic at the mouth of the Straits of Gibraltar
at a depth of about 100 fathoms, so that in all probability future
^'unditig.s wiil show that the tree water-way through the Straits

does not greatly exceed 100 fathoms in depth.
The Depth of the tiea, an<l the Xat»re of Modern Deposits.—It

seems now to be thoroughly established by lines of trustworthy
soundings which have been run in all directions, that the

. pth of the ocean is a little over 2,000 fathoms, and
that in all probability it nowhere exceeds 5,000 fathoms.
Depths beyond 4,000 fathoms are rare and very local, and seem
to be usually pits in the neighborhood of volcanic islands. In
all the ocean basins there are depressions extending over consid-
erable areas where the depth reaches 3,000 fathoms or a little

more, and these depressions maintain a certain parallelism with
the axes of the neighboring continents.

Within 300 or 400 miles of the shore, whether in deep or in

shallow water, formations are being laid down, whose materials
Am. Jodk. Sci.—Third Series, Vol. XVI, No. 95.—Nov., 1878.
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are derived mainly from the disintegration of shore rocks, and
which consequently depend for their

pon the nature and composition of the rocks which supply
terials. These deposits imbed the hard parts of the

living on their area of deposition, and they correspond

in every way with sedimentary formations with which we are

4 every age. In water of medium depths down to

about 2,000 fathoms, we have in most seas a deposit of the

now well-known globigerina-ooze, formed almost entirely of the

shells of foraminifera living on the sea-surface, and which after

death have sunk to the bottom. This formation, which occu-

pies a large part of the bed of the Atlantic and a considerable

part of that of the Pacific and Southern Seas, is very like chalk

in most respects, although we are now satisfied that it is being

laid down as a rule in deeper water than the chalk of the Creta-

ceous period.

In depths beyond 2,500 or 3,000 fathoms no such, accumula-
tions are taking place. The shores of continents are usually

too distant to supply land detritus, and although the chalk-

building foraminifera are as abundant on the surface as they

are elsewhere, not a shell reaches the bottom ; the carbonate of

lime is entirely dissolved by the carbonic acid contained in the

water during the long descent of the shells from the surface.

It therefore becomes a matter of very great interest to deter-

mine what processes are going on, and what kind of formations

are being laid down in these abyssal regions, which must at

present occupy an area of not less than ten millions of square

miles.

The tube of the sounding instrument comes up from such

abysses filled with an extremely fine reddish clay, in great part

amorphous, but containing, when examined under the micro-

scope, a quantity of distinctly recognizable particles, organic and
inorganic. The organic particles are chiefly siliceous, and for

the most part the shells or spines of radiolarians which are

living abundantly on the surface of the sea, and apparently in

more or less abundance at all depths. The inorganic particles

are minute flakes of disintegrated pumice, and small crystalline

fragments of volcanic minerals ; the amorphous residue is prob-

ably principally due to the decomposition of volcanic products,

and partly to the ultimate inorganic residue of decomposed
organisms. There is ample evidence that this abyssal deposit

is taking place with extreme slowness. Over its whole area,

and more particularly in the deep water of the Pacific, the

dredge or trawl brings up in large numbers nodules very irreg-

ular m shape, consisting chiefly of sesquioxide of iron and per-

inganese, deposited in concentric layers in a matrix

nd a nucleus formed of a shark's tooth, or a piece of
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bone, or an otolith, s <y '}•

quently a fragment of pumice. These nodules are evidently
formed in the clay, and the formation of the larger ones and
the segregation of their material must have taken a very long
time. Many of the sharks' teeth to which I have alluded as
forming the nuclei of the nodules, and which are frequently
brought up uncoated with foreign matter, belong to species
which we have every reason to believe to be extinct. Some
teeth of a species of Carcharodon are of enormous size, four
inches across the base, and are scarcely distinguishable from
the huge teeth from the Tertiary beds of Malta." It is evident
that these semi fossil teeth, from their being caught up in
numbers by the loaded line of the trawl, are covered by only
a very thin layer of clay.

Another element in the red clay has caused great speculation
and interest If a magnet be drawn through a quantity of the
fine clay well diffused in water, it will be found to have caught
on its surface some very minute magnetic spherules, some appa-
rently of metallic iron in a passive state, and some of metallic
nickel. From the appearance of these particles, and from the
circumstance that such magnetic dust has been already detected
in the sediment of snow-water, my colleague Mr. Murray has
a very strong opinion that they are of cosmic origin—exces-
sively minute meteorites. They certainly resemble very closely
the tine granules which frequently roughen the surface of
the characteristic skin of meteorites, and from their composi-
tion and the circumstances under which they are found there is

much to be said in favor of this view. I cannot, however,
hold it entirely proved ; there can be little doubt, from the
universal presence of water-logged and partially decomposed
pumice on the bottom, and from the constant occurrence of par-

ticles of volcanic minerals in the clay, that the red clay is

formed in a great measure by the decomposition of the lighter

products of submarine volcanoes drifted about by currents, and
finally becoming saturated with water and sinking ; and it is

well known that both iron and nickel in a metallic state are fre-

quently present in minute quantities in igneous rocks. I think
it is conceivable that the metallic spherules may be derived
from this source.
So far as we can judge, after a most careful comparative ex-

amination, the deposit which is at present being formed at

extreme depths in the ocean does not correspond, either in

structure or in chemical composition, with any known geologi-
cal formation ; and, moreover, we are inclined to believe, from
a consideration of their structure and of their imbedded organic

remains, that none of the older formations were laid down at

nearly so great depths—that, in fact, none of these have any-
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thing "fan abyssal character. These late researches tend to

show that during past geological changes abyssal beds have
never been exposed, and it seems highly probable that until

comparativery recent geological periods such beds have not

been formed.

It appears now to be a very generally received opinion

among geologists—an opinion which was first brought into
•:- -0 by Professor Dana— that the " massive" eruptions

which originated the mountain chains which form the skeleton

of our present continents, and the depressions occupied by our
present seas date from the secular cooling and contraction of

the crust of the earth—from a period much more remote than
the deposition of the earliest of the fossiliferous rocks—and that

during the period chronicled by the successive sedimentary
systems, with many minor oscillations by which limited areas

have been alternately elevated and depressed, the broad result

has been the growth by successive steps of the original moun-
tain chains and the extension of the continents by their denuda-
tion, and the corresponding deepening of the original grooves.

If this view be correct—and it certainly appears to in

reasoning in its favor is very cogent—it is quite possible that

until comparatively recent times no part of the ocean was suffi-

ciently deep for the formation of a characteristic abyssal deposit.

Time will not allow me even to allude to the in1

results which have been obtained from the determination of

the density of sea water from different localities and different

depths, and from the analysis of sea water and its contained gases,

and perhaps these results have been scarcely sufficiently worked
out as yet to afford safe bases for generalization. I must, how-
ever, say a few words as to certain additions which have been
made to our knowledge of the two hitherto impregnable strang-

le frost, the regions round the North and" South Poles.

The Arctic Regions.—The question which has of late held the

most prominent place in all discussions about the conditions of

the Arctic Eegions, particularly since the voyage of Dr. Hayes,
is whether it is possible that there can be, fit all times or at any
time, anything in the form of an open Polar sea. This question
seems now to be virtually settled, and in the most unsatisfac-

aer imaginable. There can be no doubt that in the

year 1871 Count Wilczek, in the schooner Isbjorn, found the

sea between Novaya Zemlya and Spitzbergen nearly free from
• . ami that the same sea presented to Weyprecht and Payer

in the following year a dangerous stretch of moving and im-

penetrable pack. ' There can be no doubt that in the year 1861
Dr. Hayes gazed over an expanse of open water where, in

1875-76, Capt. Nares studied the conditions of palaeocrvstio ice.

It is evident, therefore, that the Polar basin, or at all events
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such portions of it as nave been hitherto reached, is neither
open sea nor continuous ice, but a fatal compromise between
the two, an enormously heavy pack formed by the piling up

) of successive years, in frequent

_,
breaking up and shifting according to the prevail-

ing direction of the wind, and leaving open, now here and now
there, lanes and vistas of deceptive open water which may be
at any moment closed and converted into a chaotic mass of
hurling floe-bergs by a hurricane from another direction. It
seems, however, that in certain seasons there is more open
water in the direction of Grinnell's Land and Smith's Sound
than in others, and that there are also years comparatively
favorable for the northward route following the lead of Franz-
Josef Land ; and there seem now to be only two plans, one
nearly as hopeless as the other, to choose between in any
future attempt—either to establish several permanent Polar
stations, as proposed by Lieut. Weyprecht, and already initi-

ated at one point, so far as preliminaries are concerned, by
Capt. Tyson and Capt. Howgate, and to seize the opportunity
of running north in early autumn from the station where the
sea appears most open, or to run as far north as possible at

enormous expense, with a great force of men and abundance of
provisions and paraffin oil, and push northward during the
arctic winter by a chain of communicating stations with ice-

built refuge huts. It seems possible that in a cold season, with
the pack in the condition in which Markham found it in 1876,
some progress might be made in this way if it were conceivable
that the end to be gained was worth the expenditure of so
much labor and treasure.

The Antarctic Regions.—But little progress has been made
during the last quarter of a century in the actual investigation
of the conditions of that vast region which lies within the par-

allel of 70° S. Some additional knowledge has been acquired,
and the light which recent inquiries have thrown upon the

general plan of ocean circulation and the physical properties
of ice, have given a new direction to what must partake for

some time to come of the nature of speculation.

#
From information derived from all sources up to the present

time, it may be gathered that the unpenetrated area of about
4,700,000 square miles surrounding the South Pole is by no
means certainly a continuous "Antarctic Continent," but that
it consists much more probably partly of comparatively low

! land, and partly of a congeries of continental (not

oceanic) islands, bridged between and combined, and covered
to the depth of about 1,400 feet, by a continuous ice-cap ; with
here and there somewhat elevated continental chains, such as

groups of land between 55° and 95° W., including Peter
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the Great Island and Alexander Land, discovered by Billings-

hausen in 1821, Graham Land and Adelaide Island, discovered

by Biscol in 1832, and Louis Philippe Land by D'TJrville in

1838, and at least one majestic modern volcanic range discovered

by Eoss in 1841 and 1842, stretching from Balleny Island to a

latitude of 78° S., and rising to a height of 15,000 feet. It

seems, so far as is at present known, that the whole of the

antarctic land, low and high, as well as the ice-cap of which a

portion of the continuous continent may consist, is bordered to

some distance by a fringe of ice, which is bounded to seaward

by a perpendicular ice-cliff, averaging 230 feet in height above

the sea-level. Outside the cliff a floe, which attains near the

barrier a thickness of about twenty feet, and in some places by

piling a considerably greater thickness, extends northward in

winter to a distance varying according to its position with

reference to the southward trending branches of the equatorial

current ; and this floe is replaced in summer by a heavy drift-

ing pack with scattered icebergs. Navigating the Antarctic

Sea in the southern summer, the only season when such navi-

gation is possible, it has been the opinion of almost all explorers,

that after forcing a passage through an outer belt of heavy

pack and icebergs, moving as a rule to the northwestward, and

thus fanning out from the ice-cliff in obedience to the prevailing

southeasterly winds, a band of comparatively clear water is to

be found within.

Several considerations appear to me to be in favor of the

view that the area round the South Pole is broken up and not

continuous land. For example, if we look at a general ice-

chart we find that the sea is comparatively free from icebergs,

and that the deepest notches occur in the "Antarctic Continent'

at three points, each a little to the eastward of south of one of

the great land masses. 6pposite each of these notches a branch

of the equatorial current is deflected southward by the land,

and is almost merged in the great drift-current which sweeps

round the world in the Southern Sea before the W«st
trades. But while the greater portion of the Brazilian current,

the East Australian current, and the southern part of the

Agulhas current are thus merged, they are not entirely lost;

for at these points of junction with the drift-current of the

8, the isobathytherms are slightly deflected to the

southward, and it is opposite these points of junction that we

have comparatively open sea and penetrable notches in the

southern pack. But we have not only the presumed effect of

this transfer of warmer water to the southward ; we were able

to detect its presence in the Challenger by the thermometer.

Referring to the result of a serial temperature sounding on

February 14, 1874, with a surface temperature of 29° F. at a



Wyville Thomson— General Ocean Circulation. 357

depth of from 300 to 400 fathoms, there is a band of water at
a temperature of more than half a degree above the freezing-

point That this comparatively warm water is coming from
the north there is ample proof. We traced its continuity with
a band at the same depth gradually increasing in warmth to
the northward, and it is evident that its heat can be derived
from no other source, and that it must be continually receiving
new supplies, for it is overlaid by a band of colder water, tend-

It is, of course, possible that these warm currents may by
coincidence be directed toward those notches already existing
in a continental mass of land ; but such a coincidence would be

tie, and there is certainly a suggestion of the alterna-

tive that the "continent" may consist to^so great an extent of
ice as to be liable to have its outline affected by warm currents.

In high southern latitudes it seems that all the icebergs are
originally tabular, the surface perfectlv level and parallel with
the surface of the sea, a cliff about 230 feet high bounding the
berg. The top is covered with a layer of the whitest snow

;

now and then a small flock of petrels take up their quarters
upon it, and trample and soil some few square yards, but after

their departure one of the frequent snow showers restores it in
a few minutes to its virgin whiteness. The upper part of the
cliff is pale blue, which gradually deepens toward the base.
When looked at closely the face of the cliff is seen to be tra-

versed by a delicate ruling of faint blue lines, the lines being
more distant from one another above and becoming _

closer. The distance between the well-marked lines near the
top of a berg may be of a foot or even more, while near the
surface of the water it is not more than two or three inches,
and the space between the blue lines have lost their dead
whiteness and have become hyaline or bluish. The blue lines

are very unequal in their strength and in their depth of color-
ing; sometimes a group of very dark lines gives a marked
character to a part of a berg. Between the stronger blue lines

near the top of the cliff a system of closer lines may be
observed, m / of the ice by still finer planes
of lamination; but in the narrower spaces near the water-line
they are blended and lost. The blue lines are the sections of
sheets of clear ice ; the white intervening bands are the sections
of layers of ice where the particles are not in such close contact

The stratification in all these icebergs is, I believe, originally

J and conformable, or very nearly so. In man;. . while

id beating about in the sea, the strata become inclined
at various angles, or vertical or even reversed; in mat: they
are traversed by faults, or twisted, or contorted, or displaced ;
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but I believe that all deviations from a horizontal arrangement
are due to changes taking place in the icebergs

I think there can be no doubt, from their shape and form,

and their remarkable uniformity of character, that these great

table-topped icebergs are prismatic blocks riven from the edge

of the great antarctic ice-sheet. I conclude, therefore, that the

upper part of the iceberg, including by far the greater part of

its bulk, and culminating in the portion exposed above the

surface of the sea, was formed by the piling up of successive

layers of snow during the period, amounting perhaps to cen-

turies, during which the ice-cap was slowly forcing its way
over the low land, and out to sea over a long extent of gentle

slope, until it reached a depth considerably beyond 20 I

when the lower specific weight of the ice caused an upward
strain which at length overcame the cohesion of the mass, and

portions were rent off and floated away. The icebergs when
they are first dispersed float in from 200 to 250 fathoms ; when,

therefore, they have been drifted to latitudes of 65° or 64°

south, the bottom of the berg, the surface which for

glacier-like over the land, just reaches the layer at which the

temperature of the water distinctly rises ; and is rapidly melted,

and the pebbles and land debris with which it is more or less

charged are precipitated. That this precipitation takes place

all over the area where the icebergs are breaking up, constantly

and to a considerable extent, is evident from the fact that the

matter brought up by the sounding instrument and the dredge

is entirely composed of such deposits from ice; for diatoms,

foraminifer,; i-e present on the surface in large

numbers, and unless the deposit from the ice were abundant it

would soon be covered and masked by the skeletons of surface

organisms.

The curious question now arises, what is the cause of the

uniform height of the southern icebergs—that is to say, what is

the cause of the restriction of the thickness of the free edge of

the ice-cap to 1,400 fathoms? I have mentioned the gradual

diminution in thickness of the strata of ice in a berg from above
downward. The regularity of this diminution leaves it almost

without a doubt that the layers observed are in the same cate-

gory, and that therefore the diminution is due to subsequent
pressure or other action upon a series of beds, which were at

the time of their deposition nearly equally thick. About 60

or 80 feet from the top of an iceberg, the strata of ice a foot

or so in thickness, although of a white color and thus h

that they <
, ,f a j r, are very hard,

and the specific weight of the ice is not much lower than that

of layers three inches thick nearer the water-line of the berg.

The upper layers have been manifestly produced by falls of

snow after the berg has been detached.
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Now it seems to me that the reduction in thickness cannot
be due to compression alone, but that a portion of the substance
of the lower layers must have been removed. It is not easy to
see why the temperature of the earth's crust, under a widely
extended and practically permanent ice-sheet of great thickness,
should ever fall below the freezing-point ; and it is a matter of
observation that at all seasons of the year vast rivers of muddy
water flow into the frozen sea from bene >:

which are the issues of the ice-sheet of Greenland. Ice is a
very bad conductor, so that the cold of winter cannot penetrate
to any great depth into the mass. The normal temperature of
the surface of the earth's crust, at any point where it is unin-
fluenced by cyclical changes, is at all events above the freezing-
point, so that the temperature of the floor of the ice-sheet would
certainly have no tendency and fall below that of the stream
passing over it. The pressure upon the deeper beds of the ice
must be enormous at the bottom of an ice-sheet 1,400 feet in
thickness—not much less than a quarter of a ton on the square
inch. It seems, therefore, probable that under the pressure to
which the body of ice is subjected a constant system of melt-
ing and regelation is taking place, the water passing down
by gravitation from layer to layer until it reaches the floor
of the ice-sheet, and finally working out channels for itself

between the ice and the land, whether the latter be subserial
or submerged.

I should think it probable that this process, or some modifi-
cation of it, may be the provision by which the indefinite

accumulation of ice over the antarctic continent is prevented
and a certain uniformity in the thickness of the ice-sheet
maintained—that in fact ice at the temperature at which it is

m contact with the surface of the earth's crust within the

anot support a column of itself more than
MOO feet high without melting. It is suggested to me by
professor Tait that the thickness of the ice-sheet very probably
depends upon its area, as the amount of melting through

ig and the earth's internal heat, will depend upon the

the escape of the water. The problem is, however,
an exceedingly complex one, and we have perhaps scarcely
sufficient data for working it out.

*he Fauna of the Deep Sea,—I can scarcely regret that it is

utterly impossible for me on this occasion to enter into any
details with regard to the relations of the abyssal fauna, the
department of the subject which has naturally' had for me the

ive shown that there
ls no depth limit to the distribution of any group of gill-bearing
manne animals. Fishes, which, from their structure and from
what we know of the habits of their congeners, must certainly
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live on the bottom, have come up from all depths, and at all

depths the whole of the marine invertebrate classes are more
or less fully represented. The abyssal fauna is of a somewhat
special character, differing from the fauna of shallower water

in the relative proportions in which the different invertebrate

types are represented. It is very uniform over an enormously

extended area, and in this respect it fully confirms the antici-

pations of the great Scandinavian naturalist, Loven, communi-
cated to this Association in the year 1844. It is a rich fauna,

including many special genera and an enormous number of

special species, of which we, of course, know as yet only a

fraction ; but I do not think I am going too far in saying that

from the results of the Challenger expedition alone the number
of known species in certain classes will be doubled. The rela-

tions of the abyssal fauna to the faunas of the older Tertiary

and the newer Mesozoic periods are much closer than are those

of the faunas of shallow water; T must admit, however, that

these relations are not so close as I expected them to be—that
hitherto we have found living only a very few repre*

of groups which had been supposed to be extinct I feel,

however, that until the zoological results of these later voyages,

and especially those of the Challenger, shall have been fully

worked out, it would be premature to commit myself to any

generalizations.

I have thus attempted to give a brief outline of certain

defensible general conclusions, based upon the results of recent

research. Some years ago, certain commercial enterprises,

involving the laying of telegraph cables over the bed of the

sea, proved that the extreme depths of the ocean were not inac-

cessible. This somewhat unexpected experience soon resulted

in many attempts, on the part of those interested in the exten-

sion of the boundaries of knowledge, to use what machinery

they then possessed to determine the condition of the hitherto

unknown region. This first step was naturally followed by a

development of all appliances and methods bearing upon the

special line of research
; and within the last decade the advance

of knowledge of all matter's bearing upon the physical geogra-

phy of the sea has been confusingly rapid—so much so, that

at this moment the accumulation of new material has far out-

stripped the power of combining and digesting and methodizing

it. This difficulty is greatly increased by the extreme com-

plexity of the questions, both physical and geological, whicn

have arisen. Steady progress is, however, being made in

both directions, and I trust that in a few years our ideas as

to the condition of the depth of the sea may be as definite as

they are with regard to regions to which we have long had

ready access.



Richards and Palmer—Antimony Tannate.

The next point of interest was to determine whether the
method of titration as given in the preceding paper (this Jour-
nal, p. 196) was applicable to tannin-holding substances other
than nut-galls and sumac. The following tests were made for
this purpose : Tannin.

Leaves of sweet-fern (Comptonia asplenifolia) from near
*"*"

Boston, gathered the middle of May 7-56

The same, gathered on the Kennehec River, Maine, the last

of July _ 8-00

Sample of ground hemlock-bark from Vermont . - 7-07
Sample of catechu 29-70
Sample of kino 41-50
Crushed quercitron bark 7

-00
Congo tea 4-60

I flavor 9-60

Ground cloves 7*03

Chestnut-oak from Careyville, Tenn. .'.'. 3-00

We also prepared a quantity of antimony-tannate from each
of these substances in the same manner as we had prepared it

from commercial tannin and sumac. The composite
as follows

:

Sb c

Sweet-fern (May) 15-30
' 45-09 ' 3-40*

Sweet-fern (July) 15-06 44*90 3-90

Quercitron 12-80 4950 3-42

Chestnut-oak 15-50 47*51 3-63

Cloves 12-50 43-30 3-09

Hemlock-bark, No. 1 1360 51-02 3-85

Hemlock-bark, No. II 13-50 49-86
Catechu. 13-70 51'13 3-84

Kino... ...15-00 50-71 3'72

Cinchona flava 11-20 5356 4-56

Congo tea 11-40 47'30 4-00

These analyses showed that the composition of the precipitate
^as influenced by one of two causes : either the formula of the
so-called tannin which united with the antimony contained
ttore C and H than di-gallic acid,—that is, it must be some-

SbOCssHsA, or SbaCCasHaAaV- or the antimony-
tannate, which was formed in the solution, acted as a mordant,
and carried down with it coloring matters which might or
jught not affect the titration, but which did affect the com-
bustion.

To determine how far this latter cause could be held respon-
sible, we prepared antimony tannate from the sample of tannin
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which we used for all our experiments, and having washed by
decantalion so as to keep the gelatinous precipitate in the best

condition for absorbing color, we treated solutions of several

of these substances with a quantity of antimony tannate corres-

ponding to the estimated quantity of tannin contained in the

solution, so as to have the conditions the same as in the pre-

vious precipitations ; in one case we increased the amount of

antimony tannate. The composition of the antimony tannate

thus treated in the different solutions, together with the

average composition of antimony tannate as we have already

obtained it from tannin, sumac and nut-galls is given as

follows: Sbi c# h.

Sweet-fern
-f- antimony tannate 15-70' 46-21* 3-73

Quercitron + antimony tannate 9'54 45-90 3-80

Hemlock + antimony tannate . . 63*30 3'60

Hemlock-ffive times the required amount
of antimony tannate 13*40 43-40 3'90

Antimony-tannate 20'00 3821 2'86

In the case of sweet-fern and quercitron, the resu

3d by direct precipitation with ta

he possible ason for this will be considered later.

rly those obtained by direct precipitatic
-1 1

j reason for this will be considt

greatly surprised by the behavior of the solu

of hemlock-bark. In all cases after treating the sol at

the previously prepared antimony-tannate, we precipitated the

remaining tannin by tartar emetic as usual, and noted the

quantity required as compared with that required for the pre-

cipitation of tannin in the titration. The sweet-fern and quer-

citron gave a precipitate about one-third less than that from

the original solution. In the case of hemlock there was

scarcely a trace of a precipitate, showing that the antimony
tannate had dragged down or united with all the substance

which had been supposed to be tannin.
In order further to test the character of the supposed color-

ing matter in these substances, we made a series of trii

mordanted yarn. A brown-red color was obtained from hem-
lock on wool mordanted with tin chloride, and on cotton

I with alumina. A brilliant yellow color nearly

equal to that from cra< 1 from sweet-fern on

both the wool and the cotton.
We then tested solutions of all the substances upon which

we had been working with cloth mordanted in the usual way
for calico-printing (with iron and alumina in alternate stripes),

in order to show the presence of tannin and coloring matter at

the same time. This test divided the substances into two

classes, the one showing the deep black of tannin on the iron

strip-, and a yellow more or less intense mi t e alumina; the

other giving on the iron stripe a faint brownish-black, corre-
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sponding in dullness to that produced by gallic acid, and on
tin alumina n dull red.! 4i brown. To the first class belong
nut-galls, sumac, sweet-fern leaves, bark of quercitron, black
oak, white oak and chestnut oak and bearberry leaves ; to the
other, hemlock, catechu, kino, fever bark, cinchona bark and
Congo tea. For our further investigation we took sweet-fern as
the type of the former, and hemlock as that of the latter class.

The yellow in sweet-fern seems closely allied to, if not iden-

tical with the quercetin derived from oak-bark. A solution
of sweet-fern guarancined (i. e., boiled with very dilute sul-

phuric acid), behaves like a solution of quercitron-bark,—

a

black gummy mass being formed, and the solution depositing
yellow flakes which dye intensively.

Two pieces of cloth of equal size, the one dyed with one
gram of sweet-fern leaves, the other with one gram of quer-
citron-bark, showed rather more tannin and less yellow for
the sweet-fern, and more yellow and less tannin for the
quercitron.

A single trial of the amount of yellow in sweet-fern, by
weighing the antimony-tannate which had carried down the
yellow with it, and which had been added in known quantity
gave 2-5 per cent, and the amount of tannin in the fill

decreased about three of the eight per cent. This indicates
that the antimony combines with a portion of the coloring
matter, as well as with the tannin. This is further shown by
the fact that the quercetin-like color obtained by guarancining
was precipitated by antimony. The formula of this portion of
the color must be very near to that of di-gallic acid, since the
per cent of C and H in the precipitate from sweet-fern after the
original solution had been treated with antimony tannate and
the tannin then precipitated by tartar emetic was C 44"32 and
H 3-39, and the composition of the precipitate when tartar

emetic had been added directly to the solution without previous
treatment with the antimony tannate was C 44 9 per cent and
H 3-9 per cent.

Heppe (Die chemischen Reactionen) gives the formula of

as C^Higda and that of quercetin acid as O15H10O7,

which, corresponding to our formula of antimony tannate,
would give respectively :

Sb
t(C„H. 6

C) V4-6HO 12-52 pr. ct. 50-00 3-08
Sb

a(C 15
H

6 7 ) 3
4-6H

a
6 19-49 43-13 2'87

Antimony-tannate,

Sb
a
(CuH 8 9) 3

-4-6H
a
O 18-59 38-41 2-74

The result of this is that the process of titration with tartar

emetic, when applied to the class of substances holding this

yellow coloring principle, would give too high results. We
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have not yet succeeded in isolating this yellow coloring matter

unchanged, in order to test its effect on the accuracy of the

iodine process or Lowenthal's method.
As to the brown-red obtained from the fresh hemlock, it

seems to belong to a different class of substances. It is pre-

cipitated by gelatine, is acted on by iodine, is precipitated by
antimony, and on fusion with potassium hydrate it is decom-
posed, and a substance is formed which blackens the iron stripe

like tannin. We have not yet obtained a sufficient quantity to

determine its composition or to deduce a theory for its relation

to di-gallic acid. Our experiments go to show that the red-

brown is decomposed in the slow process of fermentation, and
the iron-blackening substance thus formed may possibly be

the agent of the tanning.

Massachusetts Institute of Technology, "Woman's Laboratory, August, 1878.

On the northern part of Mine Hill, at Franklin, New Jersey,

there are found, partly in detached pieces scattered over the

surface, or in the fences surrounding the fields of the miners,

and in place in a stratum of white crystalline limestone, pseudo-

morphs that have the form of anorthite, accompanied by a dark

hornblende, and numerous small, very brilliant and highly

modified, clove-brown crystals of sphene. The outside of the

anorthite crystals, the larger of which are generally more or less

cavernous, is invariably "candied" over by exceedingly small,

brilliant prismatic crystals.

The crystals, from one-eighth to two or three inches in size,

lathic in habit, the prevailing faces, in the

order of their dominancy, being : 0, i-%, I, Z-i, 2-1 and 1. Owing
to the above mentioned micro-crystalline character of the surface

and consequent want of reflection, the angles can be measured
only with the application-goniometer. The following angles

are averages of a number of tolerably concordant measurements:

§ 85° 33', difference of extremes, 20'

oA r $ 114 32,

$ 110 32,O^I
0^2-1 £ 98 56,

120 50,
0^2'-! 133 10,

OssM however is in some crystals as high as 88°. Cleavage

O and i-l easy and distinct, generally dull, but the basal cleav-

age occasionally sub-pearly.
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H.=6; G.=3-06-3-10. Color light bluish green to greenish
white.

Fusible with some difficulty to a slightly vesicular glass.

Partially attacked by hydrochloric acid without gelatinizing.

l.i-oc

Composition : Silica 39-73

Alumina .. . 32'53 15'16
{

Iron sesquioxide 2*80 -84
j

Magnesia T44
Lime 14-93

Soda -43

Potash.. 5-01

100-52

I have to remark that I have reason to consider the magnesia
too high. There is probably only a trace. If so, the oxygen
ratio would be 2119 : 16 : 5'23, still nearer the anorthite ratio of
4:3:1.

Though the crystalline form and the composition would make
it a lime-potash anorthite, the high specific gravity and the
water point to a change or alteration of its original constitution.
The nature of this change is clearly shown by a thin section,

which Mr. G. W. Hawes was so kind as to make for me.
When observed under the microscope, it shows that the mineral
is composed of a con- rtals, which produce no
change of color under the revolution of the polarizer. The
change seems therefore to consist in an internal molecular
re-arrangement of part of the constituents of the original anor-
thite, with the introduction of potash and of some water, whereby

fie gravity was raised to the above-mentioned figure.

Ihe minute crystals coating the pseudomorphs may possibly be
the actual crystals of the new mineral, which on the surface
were able to develop their form. What the latter actually are
it is impossible to determine.*
Bethlehem, Pa, Sept. 16, 1878.

* In the Report of Mr. G. W. Hawes on the " Mineralogy and Lithology of
- -

nnf l
aJUmitli"' -'-"' S°da 3

'

77,
Potash 7-11, watt-r 2-07 ="',' 7 2 : < r = 2 !^< It ,- a p. t - -' • ,r up fweudomorph,

: but instead

ml*^ the removed calcium replaced by an equivalent proportion of alkali

• a large loss, as Mr. Hawes

" •..........•...; ...;-. '
.

**E?S£\ *-»—.I.t.*i| or, if the w.*r iS



Art. XLV.— Upon the Relative Agency of Glaciers and Sub-

Glacial Streams in the Erosion of Valleys ;* by Professor W.
H. Niles.

In some remarksf which I made at a meeting of this Society

in April, 1873, 1 stated that my observations among the glaciers

of the Alps during the previous summer had led me to the con-

clusion "that glaciers were not the principal agents in the ex-

cavation of valleys." I have since had the opportunity of

spending two summers more among those glaciers, and the ob-

servations which I made have not only confirmed my previous

conclusion, but they have also furnished me additional evidences

of the excavating power of sub-glacial streams. This time I

was more successful in getting underneath the ice than before,

my upon the right side of the Great Aletsch Glacier

where it passes the cliff near the Bell Alp Hotel. The way
glaciers usually move over the ordinary roches m
bridging the hollows between them without conforming to all

the inequalities of surface, has been made so well known that

additional description is unnecessary here. Under these condi-

tions the glacier does not act upon the lowest surfaces of rock

beneath it, and these show by their roughness and irregularity

that they were not shaped by its action. It, therefore, becomes
evident that in such places some power must have acted oris

now at work lower than the surfaces upon which the glacier

Under the edge of the Great Aletsch Glacier I observed in a

few places, that pieces were being broken from the lee edges of

the roches moutonnees by the pressure concentrated upon certain

stones or bowlders which had reached these edges in their pro-

gress under the ice, but I was not successful in my search for

like phenomena in connection with other glaciers. But this

action, even if we could suppose it to be sufficiently common,
would serve to break away only the same prominent portions

of the rock which the glacier abrades.
The ice of the glacier, however, is sufficiently plastic to con-

form to certain kinds of irregular 1 of one of

these there are good examples at the above-mentioned locality.

There are long, narrow ridges, the trends of which are the same

ike of the rock and nearly parallel with the direction

of the motion of the glacier. A longitudinal section of one of

these ridges gave an outline like that of an elongated roche

moutonne, while a transverse section showed quite a regularly

* From the Proceedings of the Boston Society of Natural History, voL xix,
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corrugated surface. These corrugations originated in the
bedded structure of the rock, the upturned ed^cs having been
rounded and smoothed by the action of the glacier. The ice
had time enough to conform to these longitudinal furrows and
ridges as it flowed over them lengthwise ; and in August, 1876,
as it passed the lee end of a ridge, it preserved the mould of
the profile so perfectly that for more than twenty feet the blue
aivh presented ;i series of parallel furrows, like' the flutiugs of
a Doric column.* I also observed many other examples of the
same kind, though none so regular! v aiid beautifullv perfect.

_
There was there at that time another hisrhlv interesting and

- exhibition of glacial action. Within a few feet of
the down-stream end of one of these elongated rwhes inontonnks
and upon its crest, there was a bowlder fully three feet in diam-
eter, which evidently had been slowly moving along this ridge
for some distance, probably from its upper end. There were
two sides of this block of stone which were not incased in ice,

viz., the lower one resting upon the rock, and the one facing
down the glacier. From the lower end of the ridge of rock I

the bowlder through a tunnel of pure, blue ice, which
tinned as a deep furrow in the under surface of the

glacier for fully thirty feet from its beginning. As this was
by the ice moving over and beyond the bowlder, it

was evident that the ice was moving more rapidly than the
stone. I afterwards found other examples of the same kind,
but none so favorably situated for a striking exhibition of this
property of ice. It will be understood that these stones were

below the upper surface of the glacier to be removed
from the effects of the or-1 i; . eh: _- in the temperature of
the atmosphere. Although stones which are exposed to such
changes may be frozen into the ice at the edges of the glaciers,
yet I believe these were so situated as to correctly represent
the conditions and movements of those at still greater depths.
b this is correct, and I believe it is, it follows that such frag-

rock are not rigidly held in fixed positions in the
under surfaces of glaciers and carried irr»\-isnbi\ along at the
same rate, but that the constantly melting ice actually flows
°ver them, and that their motion is one of extreme slowness,
even when compared with the motion of the glacier itself,f

d
*. ln a° article in the Geological rol. ill, 1876, publial

notttf
same season that I 'was making these observation- md jrhksh I

'

tnen seen, being away from home, Rev. T. G. Bonney clearly states the sa

ienting as evidences the appearances of certain bowlders obsen

, Vol. XVI, No. 95,-Nov., 1878.
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If this is granted, it must then be admitted that the abrading-

power of glaciers is much less than if the fragments of rock

were usually firmly set in the ice. This is one of the many
reasons which I have for believing that the erosive power of

cavation of those valleys in which they are found.

Among the phenomena which attract the attention and ob-

struct the progress of the explorer under a glacier, is the

abundance of streams. A short distance below the edge of the

glacier the ice is constantly melting, and in every place acces-

sible to the observer the water falls, usually in large drops but

sometimes in streamlets. Thus the surfaces not covered by the

ice are exposed to a constant fall of water, which, first forming

numerous rivulets, soon collects in small and rapid stream*

The dropping of the water and the rushing of the torrents, the

frequent slipping of smaller fragments of stone which have been

started by the rivulets and the occasional tumbling or plunging

of a larger mass, the incidental cracking of the glacier and the

frequent crash of pieces of falling ice, all unite in impressing

upon the listener that this is a busy place. Where the glaciers

fill ; therefore, under such conditions their erosive power is

exercised upon those lower portions of the rock-surface which

are not effected by the movements of the glacier.

In estimating the erosive power of a stream we must take

into consideration, not only its volume and velocity, but also

the more important factor of the materials with which it is

charged. The importance of this is well illustrated by the

modern appliance called the sand-blast, in which it is not the

violence of the current of air or steam but the sand which it

carries with it, which cuts away the surfaces of stones, metals

and glass with such astonishing rapidity. Sometimes this ele-

ment has been overlooked, as, for example, when it has been

argued that because pure water may rush violently over a rock

for a long period without producing any perceptible change,

therefore, the valleys which now are or formerly were occupied

by glaciers must have been excavated by thence rather than

by the streams below it, A sub-glacial stream, considered as

an agent of erosion, should never be compared with a stream,

of pure water. All of the streams beneath a glacier are ehargol

with small, angular fragments of stone, such' as glaciers trans-

port in immense quantities. Anyone who has walked over

the middle and lower portions of \ glacier in summer has not

my pleasure to have witnessed what I consider to be a proof of the accuracy of

the conclusion which Professor Bonney ably drew from other sources.



W. H. Mies—Erosion of Valleys. 369

failed to notice the small fragments of stone which often darken
urface. When these are examined

they are found to be sharply angular; and if the examina-
tion is extended to the medial and lateral moraines, they will
be found to contain immense quantities of similar materials.
These small fragments, as well as large ones, find their way into
the sub-glacial streams, in which by the sharpness of their
angles they become most effective instruments in the work of
erosion. The materials transported by ordinary streams, even
when swollen by heavy rains, are of a different nature. The
small stones and gravels which they receive are usually more
or less rounded, while the finer materials are chiefly loam, clay.
soil, or well-worn sand. The erosive power of a current carry-
ing such old, worn, and often soft materials, is much less than
that of one charged with the new and sharp instruments of the

il streams; hence the denuding agency of the latter
should not be estimated by observations upon the former.
The excavating power of these streams is shown in the num-

ber of pot holes which they produce. The steepness and irreg-
ularity of their courses, the abundance of water with stones and
sand, and in many places the presence of ice causing gyratory
movements of the water, make these streams peculiarly efficient
in this work. Sometimes these pot-holes succeed each other so

the course of the stream, that as they increase in size
they unite and form a deep, narrow gorge, whose walls present
a succession of their concave surfaces.
Furthermore, the ice of the glaciers often exercises a control-

ling influence upon the positions and courses of these streams.
It is not uncommon to find a stream flowing along the edge of
the glacier considerably below its surface, in a channel one side
''" which is ice and the" other side rock. In such instances the
streams are often supported by the ice at a considerable eleva-
tion above the bottom of the valley where they would otherwise

J?e. The power which a glacier may have for preventing water
from flowing directly into the lower portion of its valley, is

tfltrjelen See, a lake which owes its ex-
istence to the ice-wall of the side of the Great Aletsch Glacier
which forms one end of the basin which it occupies.

(

The lateral streams above described are abundantly supplied— 1 and large pieces of stone from the lateral u.v.w
and they thus become agents in the erosion of the sides of the
valleys. It will probably be remarked that such streams i

naturally erode the ice more rapidly than the rock, but it r

oe remembered that the ice is constantly renewed by the r

of the £ be readily seen that such streams, by the
rities of their situation and action must exercise an mill
i determining the precipitous character which the sides
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of glacial valleys so often have. If it is objected that such

water-worn surfaces are rarely met with upon the sides of val-

leys from which the glaciers have retreated, it must be remem-
bered that the ice above the streams and the atmospl eric

agencies modify these surfaces after they have been left by the

streams, hence the rocks have the features which they received

from the last agent which acted upon them.
Still lower and quite underneath the side of the glacier there

are larger and often much longer lateral streams, which are

much more important agents in the excavation and formation

of the valleys. These, flowing in channels of their own forma-

tion in the rock and quite below the ice, tend to deepen the

valley along its edges and to give it that canon-like form so

often seen.

Sometimes the aqueous erosion under the sides of a glacier

is greater than it is under the medial portion, and when this

has been continued for long periods the edges of the valley

have become the deepest portions, and when the lower end c
r

theglacie
'

furcated,

i

eminence left in the central part of the valley. Such knolls

hills occur in the valleys of ancient glaciers, as, for example, in

the valley of the Ehone at Sion, and they have always been a

puzzle to the advocates of a purely glacial origin of such val-

leys. If, however, we duly recognize the power of sub-glacial

streams, the hills which are sometimes left in positions where

they have been fully exposed to the action of glaciers appear

as a normal and not as an anomalous result of the agencies

which have excavated such valleys.

With many other glaciers and often with other parts of the

same glacier,' the medial stream is the most important one in

volume and power, and then it tends to make that part of the

valley the deeped, a <A tin -lacier assumes a corresponding form.

In conclusion I will state that the observations of three sum-

mers among the glaciers of the Alps have led me to estimate

the relative agencv of trlaciers and sub-dacial streams in the

erosion of valleys as follows: viz., that the sub-glac
are of primary importance in working in advance of the ice in

deepening and enlarging these valleys, and that the glaciers

abrade, modify, and in a measure reduce the prominent por-

tions left by the streams, and give them the well-known gla-

ciated surfaces.

erous contributions of others to the subject of glacial action.],.L\
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1

Art. XLVI. —Notice of recent additions to the Marine Fauna of
the eastern coast of North America, No. 2 ; by A. E. Verrill.
Brief contributions to Zoology from the Museum of Yah College.

No. XXXIX.

During the past summer Professor Baird established the
headquarters of the U. S. Fish Commission at Gloucester,
Masa Numerous dredgings were made under the direction of
the writer, in the U. S. Steamer Speedwell, commander
Beardslee. Mr. Eichard Kathbun, Mr. Sanderson Smith and
others assisted in the invertebrate department, while Mr. G.
Brown Goode, Mr. T. H. Bean and Mr. E. E. Earll, took charge

; hyology. The temperatures were taken by Mr. Asaph
Hall, Jr. Oar dredgings extended over Massachusetts Bay and

a's Bank, and to the deeper waters of the Gulf of
Maine, about forty-five miles east of Cape Ann. Although a
very large and valuable collection, containing many additions to
the fauna, was obtained by means of our dredges and trawls,

more novelties, both among the fishes and invertebrates, were
secured by inducing the fishermen engaged, in the fisheries
of halibut and cod on the outer banks, to preserve and bring
in the various things that become entangled in their trawl-
lines. Many of the following species, some of them of great

thus obtained by the fishe

limens of many better known
~~—picuous and abundant are larg^ „uv

of the corals, Paragorgia arborea and Primnoa reseda, while
Acanella Normani has recently been brought in from many
localities in considerable numbers.

-Packard, on the " Bache," in 1874. It may be distinguished
from P. militaris by its more warty surface, more swollen form,
with the rays narrower below and' the transverse spines fewer,
less prominent and less acute.

Porania grandis, sp. nov.

The greater radius of the larger one is 4 '75 inches ; radius of
; - 2-75. The greater radius of another is 4-35 inches; of
'-- l-i 0. The upper side, when fresh, was \ >ri,uht cherry-red

;

"•''' surhi.-e pair vellmv. Kasily distinguished by the nearly

i the a
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T\
.

the skin. Adambulacral spines formii _
united by a basal web, on each plate, and an outer series

arranged in oblique transverse groups of about three; these are

shorter and covered by the skin, which is everywhere finely

granulose. No interbrachial spines, except one or two rudi-

mentary ones, close to the mouth.
Two large and fine specimens of this species were taken on

trawl-lines on the eastern slope of George's Bank, in about 220
fathoms, and presented by Capt. Anderson and the crew of the

schooner Alice G. Wonson, August, 1878.

Asterina pygmwa, sp. nov.

A small species, perhaps young, with a rather flattened pen-

tagonal disk, with edges concave, and very short obtuse rays.

Upper surface covered with small, sub-acute, stoutish spines on

the disk, mostly placed singly and not crowded ; on the rays

mostly in transverse groups of two or three on each plate. A
short row of few conspicuous solitary pores for the papulae are

on each side of the base of the rays ; margin of disk thin,

fringed by a row of small slender spines borne on the ventral

row of plates, which project more than the smaller dorsal ones

;

the latter bear a group of very small inconspicuous spines, and

belong to the upper surface. Beneath, the disk is covered with

soft skin, showing conspicuous radiating furrows between the

relatively large, oblong, marginal plates, each of which bears a

row of four to six small, slender, marginal spines on its outer

end, but is elsewhere smooth, or, when dry, minutely granulose.

There are eight of these plates on each interradial margin.

The triangular interradial area has a few plates, some of which

have one small acute spine. The ambulacral grooves are

bordered by two rows of small, acute, rather stout spines on

each side, those of the outer row usually standing erect, those

of the inner ones often interlacing across the groove. Usually

one inner and one outer spine to each plate, but close to the

mouth, two inner ones sometimes on one plate. Smaller radius,

35-; greater, 5^.
Cashe's Ledge, Gulf of Maine, fifty-two to ninet\

Dredged by Dr. Packard and Mr. Cooke on the "Bacbe/' in 1873.

Archaster Florce, sp. nov.

Five rays
;
greater radii, 85 to SS11™ : smaller, 15 to 18mm ;

breadth of anus at base, about 20mm : in middle, about 12mm ;

paxilligerous portion in middle, 7 to 9mm, or about twie
as upper marginal plates. Disk moderatelv large, flat, with the

central opening raised on a slight eminence. Anns elongated,

flat above, regularly tapered to sli uder ;..• ,•

face with the paxillse evenly and regvda ly an n ned, i iostl\ v ith
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about fourteen to eighteen small, short, round-tipped spinules
at the summit; of these, ten to twelve are usually divergent and
border the edge, and are a little longer and more slender than
the four to six more rounded ones that form a central group.
Marginal plates forty-five to forty-eight on each side; upper
ones mostly higher than long, e.v ps, even and
""-'i 1 u\ tliiclch . nvered with small spinules which are finer and
more slender around the margins, where they are crowded and
divergent, those over the central part being shorter, larger and
more obtuse, with occasionally one or two, small, acufc
rising from the center of the plate, especially along the middle
of the arm. Lower marginal plates opposite the upper and a
little ligher, covered with the same kinds of spinules, but
mostly having a central, vertical row of two to four, slender,

acute, spines, which are more or less appressed and scarcely
longer than the plates, but longer than those on the upper
plates. Adamlmlaeral plates each with an inner fan-shaped
group of eight or nine, slender, rather long spines, the central,

id with an outer, more or less circular, loose, divergent
cluster of eight to ten shorter, slender spines ; a similar, but
!'i"-ti\ -iu'iII-t ,,m 1 mi, ivMiIar, '-In-tci

1 nr<Mpi<^ each of the

; nvement-lilce plates that cover the triangular interbrachial area
and extend out along the arms between the marginal and

tacral plates, in about three rows toward the base, but
gradually narrowing to one, farther out

Oral plates prominent, forming narrow elliptical "jaws" sur-

rounded by two close rows of short spines, those of the inner
row slightly divergent with enlarged rough tips, in close con-
tact; those of the outer row shorter, with' the tips flattened and
closely pressed against the inner ones, so as to support them

Color, in life, light purplish red above, yellow beneath.
Dredged by us in 1877, about thirty miles south from

V S., i n 100 fathoms, tine compact sandy mud, asso-

Ainhasttr arcficn.s, Astrogonium granulare, Asterias

. //,,, <-'. ,-t'a phrygiaiiUj Antedon Eschrichtzit, Pen-
natula aculeata, Eudendriitm rameum, etc.

Ophiacantha sp. Related to O. cosmica (fide Lyman).

Distinguished by having the disk thickly covered with
roinute, three-pronged, slender spinules. Mouth-plates extend-

;-e of George's Bank,
220 fathoms, (schooner " Alice G. Wonson.")
t*frnj,/t}/ t , i e , (Vt(<:nt ;s Mtill. and Troschel.

Several specimens of this species, not before known south of
!

; '"df ,isr. Lwivmv, , tl - .,-imens of
"''".'/'"'.'/'''/ nrhon-a. from the eastern slope of George's Bank, in

about 290 fW!,,^„., /„..].. ,,. » a k^ n w™„™ »\
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Astrochele, gen. nov.

Disk covered with small scales, above and below. Radial

ribs well-developed. Genital openings small, oblique, close to

base of arms, at each end of a depression in edge of disk. Teeth

and tooth-papillae spiniform, mouth papillae irregular, small or

rudimentary, few or solitary. Arm spines thorny and claw-

like. Arms annulated, granulated, long, slender undivided.

. I.nV/v. ./,,/, LtjuuiK), sp. nov.
Disk strongly five-lobed, the interbrachial spaces, in the dried

specimen, much incurved. Radial ribs extending to near the

center, highest and rather angular at the outer end. Whole
surface of disk, including ribs, closely covered with small, con-

vex, rounded, warty scales, with a somewhat larger central

scale, surrounded by a circle of similar ones near the inner ends

of the ribs and a few others irregularly placed between the ribs.

On the ribs some of the scales are conical. Under surface,

except jaws, covered with small round scales or granules con-

cealing the plates. Teeth slender, aeute, rough, in a single row,

except the under ones (or tooth-papillae), which are in pairs, but

of same shape. On the side of jaws, near the tip, there is a

very small acute conical mouth p
ies another,

stili smaller, near the middle ; a similar one is seen lower down
on the lateral face of some of the jaws. Arms granulated like

the disk, the annular ridges bearing also a row of small, strongly

curved, acute, claw-like hooks, which become larger and more

prominent toward the tips of the arms, especially beneath.

Toward the base of the arms there are on the prominent, side

arm-plates, beneath, about three spines having thickened bases

and narrowed, acute, thorny, claw-like, brown tips.

Diameter of disk, 7mm ; length of arms four or five times as

much. Found clinging to Acanella Normani, from south-eastern

; of Le Have Bank, 200 fathoms, Capt. Wm. McDonald,

N. H. Phillips).

Hydkozoa.
Blastothela, gen. nov.

Hydroid allied to Myriothela and Acaulis. Body elongated,

sessile, attached at base by slender, simple, root-like processes

:

a circle of slender tentacles near the base; above these are

many stout simple processes (blastostyles), which bear the small

sexual zooids (gonophores) on their sides; upper portion of

body elongated, covered with small capitate tentacles.

Acaulis differs in having no blastostyles, and in the mode of

attachment; Myriothela in having branched blastostyles, but

no basal tentacles.

ni<i.<tothehi rosea, sp. nov.

Body elongated and rather slender in expansion, with the

upper portion round and usually nearly cylindrical, obtuse,

I....J
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covered everywhere with small crowded capitate tentacles, with
short pedicels; tip obtuse; blastostyles numerous, clustered

about the base, large, elongated, cylindrical, obtuse or tapered
at the tip, the sides covered with many very small, short,

obtuse or capitate papillae (? undeveloped gonophores), and
bearing, among them, the few rounded, more or less irregular

gonophores. Basal tentacles slender, slightly capitate, not so
long as the blastostyles, and not in a regular circle.

Color light rosy red ; the tentacles and gonophores whitish.

Length, 24mm ; diameter, 10mm ; length of tentaculiferous por-

tion, 13mm
; its diameter, S'S™111

.

Gloucester, Mass., outer harbor, attached to Ptilota serrata, in

seven fathoms, sandy bottom. A specimen, apparently the
young of this species, was taken by us at Eastport, Me., in

1872, in about twenty fathoms.

Dimryne flexuosa G. O. Sars.

Numerous specimens of this interesting hydroid were dredged
ar and last, in many localities, in the Gulf of Maine

and off Nova Scotia, in 50 to 125 fathoms. It grows usually
upon the shells of living Neptunea Mimpxoni ami N. decemco's-

tata, sometimes also on shells inhabited by Eupaguri Often
associated with Eudendrium rameum.

Anthozoa.
Pennatula borealis Sars.

PenmMa grandis Ehrenberg (non Pallas).

A fine large specimen of this species, taken on a trawl-line,

between Sable I. Bank and Banquereau, N. S., in about 250
fathoms, was presented by Capt. J. W. Collins, of the schooner
"Marion." It was previously known only from northern

ia. Its height, preserved in alcohol, is 20"5 inches;
length of peduncle to first alas, 5*75

; diameter of peduncle, in
middle, -5; of swollen portion, 110; of rachis, "70; breadth

gest alas, 5; length of largest alas, 2"25; breadth, 75;
length along dorsal edge, 1*90; distance between alas, -30 to '50.

Alas 36 on one sidi ar, with the polyps in
groups on the dorsal edge, form in-- two to four rows; polyp-
cells large and prominent, with eight sharp, spiculose.

|

taints. Middle <>f ventral surface naked, smooth, bor.
each side with a band of rudimentary zooids. Color, bright
dark red, polyps paler.

Baiticina Finrnarchica Gray.
Virgularia Finrnarchica Sars, 1850.
I'n -ncaria Finmar.-hica Kolliker, Pennatuliden, p. 243.

A specimen of this rare species, not before known from
;

'

t- was taken with the preceding and presented by Capt.
Collins. The upper portion had been broken off, leaving the
ttia exposed for two inches, and to this two specimens of
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Urtkina nodosa were attached,

each case, united around the ax:

The uninjured portion is 12'5 inches long; breadth acroiS

largest alao, -60; peduncle, to alas, 4*50; to first zooids, 3-20;

breadth of largest alse, "50; height, without polyps. .'>:>: length

of their acute marginal lobes, "10; diameter of peduncle, "80;

of rachis, -20.

Anthoma&tus, gen. nov.

Alcyonarian forming a large rounded polypiferous mass,

raised on a short, stout, barren peduncle, Polyps few, very

large, spiculose, entirely retractile into 8-rayed cells. Eudi-

mentary zooids numerous, minute, scattered between the

polyps. Ccenenchyma abundant, firm, finely spiculose.

A)ith.nmastus grandiflorw, sp. nov.

Corallum broadly capitate, auri ildse
;
polyp-

cells not prominent. Peduncle, 50mm broad, 30 high
;
polyp-

iferous summit 82 broad, 30 thick; expanded polyps, 36 long;

8 in diameter ; 25-28mm (1-1 j inch) across tentacles. Spicula

of surface minute, nmeii -r.dlate and capitate; beneath the sur-

face are long slender spicula, and slender fusiform ones are

ahuiahint in the tentacles and pinnae. Color, deep cherry-red.

Off Sable Island, N. S., in about 250 fathoms, schooner Marion

(coll. Newcomb). Two specimens were obtained.

Acanthogorgia armata, sp. nov.

Corallum slender, flexible, much and irregularly branched,

somewhat in a plane, the branches occasionally uniting. Cce-

nenchyma thin, filled with conspicuous, white, rough, curved,

fusiform spicula. Polyp-cells very much elo j t 1.
,; " '

-' l

six to eight times the diameter, often curved, clavate, or capi-

smallest at base and suddenly enlarged near the t

elongated spicule. ha\ inj an irregular ehevn>ucd
Beigbt, about 8 inches; breadth, 6; length of cells, 5 ra™ to

N""": their diameter at base, *8 to lmm ; at summit, 1 to r5mm.

Color, ash-gray ; axis, yellowish-brown.
Off Nova Scotia, 300 fathoms, Capt. T. Goodwin (sc

Crowell). A second specimen from off George's Bank, in

about 220 fathoms, Capt. Anderson (schooner Alice G. Wonson).

Keratoisis ornata Verrill.

Of this species, described in the last number of this Journal,

another specimen, taken with the two preceding, has been re-

ceived in »iii Mr. Geo. K. Allen, of the schooner " Marion/' Tins

has the erenenehyrna and polyps upon it, and is

taller, bin the joints lack the golden color, and are plain

brown. The polyp-cells are pale salmon, prominent, elongated,
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expanding toward the end, and are crowded equally over the

whole surface; they are covered with large, conspicuous, acute
spicula, which are grouped at summit into eight sharp project-

ing points. The coenenchyma is thin, translucent, yellowish,
tilled with long, slender, fusiform, acute spicula.

Height (base absent), 40 inches; diameter of trunk, without
cells, -28 ; length of cells, '20

; diameter, -08 ; calcareous joints

of stem, 2 to 2-5; flexible ones, 15 to -18. One branch is 27

Flabettum Goodei, sp. nov.

A fine large species with a long, deep, compressed calicie,

its longer diameter being nearly three times as great as the
shorter. In a side view the summit is broadly rounded and
the lateral edges form an angle of about 144° ; they are formed
by prominent acute costae, while the principal lateral costae are
large, elevated, obtuse and irregularly roughened by numerous,
obliquely ascending, raised lines, arranged in chevrons. There
are eleven principal costas on each side, making twenty-four in

"11, each of which corresponds to one large and two email
septa

; a small ridge, corresponding to the latter, is often seen
on either side of the large costal ridges ; alternating with the
latter there are similar, but much smaller, secondary costae.

All the costae become fainter toward the base, which terminates
1,la tapering subacute pedicle. Wall very thin, with a glossy
epithecal coating ; the edge recedes greatly between the prin-
r

;l
i;,

I >ept<>-eo.stal summits, which are very prominent. Septa
about 96, very irregular, thin, with wide interspaces, the
average distance between the twentv-four principal septa being
about 10mm

; between the smaller ones, about 3mra ; inner side
of the septa nearly straight, thin, smooth, the upper end mostly
broadly rounded, often subtruncate at tip, scarcely pi

above the costal wall, and not recurved. Septa of the third
:il

;

i fourth cycles successively much narrower, those of the
third with the summits much 'less elevated, while those of the
last cycle rise nearly as high as the primaries, but are very
much narrowed. Lateral surfaces of septa are smooth, but
show lines of growth.

• Color, light yellowish brown when fresh.

.
One living specimen from the eastern slope of George's Bank,

1,1 ahout 220 fathoms (schooner Alice G. Wonson).

Lophvhelia prolifera Edw. and Ilaime.

A fragment of a large, dead, but nearly fresh, specimen of
*•»* coral, taken about thirty .in. nule, S.S. \V. from the N.W.
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MOLLUSCA.
St;plob i leucoptera, sp. nov.

Species probably small, but the three specimens observed

are probably not full grown. Body short, depressed, with the

mantle smooth. Ventral surface, in middle, with a somewhat
flattened heart-shaped or shield-shaped area, surrounded, except

in front, by a silvery white band, having a pearly or opalescent

luster. Eyes small, with round pupils. Fins large, in the

living specimens nearly as long as body, broadly rounded;

the posterior lobe reaches nearly to end of body, the anterior

edge beyond front of mantle, to"the eye. The anterior edge of

the mantle is emarginate beneath ; above it is broadly attached

to the head. Sessile arms short; upper ones shortest; third

pair largest: tentacular arms slender, extending back to end

of body. Upper surface of body opalescent in some lights,

spotted with orange-brown, spots most numerous in

middle line and extending to upper surface of head, and some

also on outer surfaces of arms ; anterior part of head white

;

fins, arms and extremity of body, translucent bluish white;

upper surface of eyes opalescent, with silvery blue and red

tints ; head, below the eyes, silvery white ; above eyes, blue.

Length to base of arms, 14mm, in alcohol; of mantle above,

8mm . breadth, 7mm ; breadth across fins, 16mm.

Gulf of Maine, 30 miles E. from Cape Ann, 110 fathoms,

muddv bottom, associated with Rossia sublcevis and Octopus

Bairdii, Aug., 1878.

Chiton (Acanthopleura) Hanleyi (Bean).

A well-characterized living example of this species, new to

America, was recently detected by Mr. Sanderson Smith, of our

party, while dredging 8£ miles S. by E. \ E. from Cape Ann,

in thirty-eight fathoms, sand and gravel.

Pecten vitreus (Chemnitz).

This elegant little species, not before known from America,

has been found in considerable numbers attached to Paragorgia

arborea and Acanella Nonnani from 220 fathoms, on the eastern

slope of George's Bank (from the "Alice G. Wonson"), and on

Acanella, from Banquereau, 150 fathoms, from Capt. Morrisey

(schooner "Alice M. Williams").
Easily distinguished by its delicate, white, translucent shell

;

covered on both valves with vet and w!t!l

delicate concentric lamellae, which rise into numerous, minute,

delicate, vaulted scales. The largest specimens are about '5



Art. XLYII.~ Discovery of two more new Planets; bv 0. H. F.
Peters. (From a letter to the Editors, dated Litchfield
Observutorv of lLtuiilt...ii College, Clinton, K Y., October
5, 1878.

Two more planetoids have been discovered here, one on Sep-
-id, and the other on September 30th. In order to

avoid confusion, as the numbers perhaps may vet suffer §pme
change, I have given immediately names to them, calling the
tnr"ier A,,-.,. !

' .-! Kohja. The planet discovered on
September 9, I have named Phthia.
The follov ive been obtained:

,,,,,<

The strong motion of the last planet in declination discards
the idea of its being identical with \W£\ Laurent ia, which was
observed only in one appearance, and has not been found,
neither in the preceding nor in the present opposition. The
numbers attributed to the last two planets therefore are upon
the assumption, that the planet found bv Professor Watson
on Sept. 22d also is not identical with [162].

The sonorous or bubble voltameter consists of an electrolytic
cell with two electrodes, one in free contact with a standard
decomposable solution and the other completely insulated by
vulcanized rubber except two small apertures, one of which
gives the solution free access to the insulated electrode, and
the other allows the escape of bubbles of hydrogen as tiiev
are evolved by electrolysis. With a given current and a given
resistance a bubble is obtained each second, which is seen at the
moment of rising and which at the same time gives a sound when
it reaches the air. The resistance may be reduced so as to give
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one bubble in one, five, ten or fifty seconds, or in as mauv
hours. I have compared this instrument with the ordinary

voltameter and find it much more accurate. By the use of a

very small insulated electrode and but one aperture, through

which both the gas and water current must pass, great increase

of resistance takes place at the moment when the babble is

forming; and just before it rises, a sounder magnet included

within the battery circuit opens, closing again when the bubble

escapes, thus allowing by means of a Morse register the time of

each bubble to be recorded automatically. This apparatus,

when properly made, will be found very reliable and useful in

some kinds of work, such as measuring "the electro-motive force

of batteries, etc. By shunting the voltameter, and using a

recorder, it becomes a measurer not only of the current passing

at the time, but also of that which has passed through a circuit

from any source during a given interval.

Menlo Park, N. J., July 13^" 1878.

I. Chemistry and Physics.

On the Behavior of Hydrogen peroxide with the Alkalies.—
lis second paper on hydrogen peroxide, Schone discusses the

substance to the alkalies, with particular reference

to the production of peroxide hydrates of the alkalies analogous

to those of the alkaline earths. For this purpose a solution oj

hydorgen peroxide containing three or four per cent, \va> mixed

with a ten percent sodium hydrate solution in equivalent pro-

portions. A rise of 4° to 5° C. took place, with a very slight evo-

lution of gas. On concentrating the solution in a vacuum. erhYnv--

cent crystals separated on the edges at first, and then large _t:il«uhir

crystals formed in the solution? If instead of evaporating the

solution, once and a half or twice its volume of absolute alcohol be

added, .-mil it be allowed to stand in a cool place for twenty-four

hours, spear-shaped crystal often several centimeters long, appear

in the solution. On analv>is th-v 'ive numbers freeing with the

formula X;i.O .
( 11/ >).. "Thevatv identical with those obtained

later by Fairley* in the same manner, and with those obtained by
Vernon Hareourtt by solution of sodium dioxide in water. When
rapidly heated in a glass tube the crv>tals melt, troth. e\olve

oxygen and leave sodium hydrate. In dosed vessels, the same
decomposition takes place more slowly, requiring three m >nth-

for completion. Absolute alcohol preserves it pretty well, if car-

bon dioxide be excluded. On examining the efflorescence above

* J. Chem. Soc, xxxi, 1, 125, 1877. f Id., xiv, 274, 1862.
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mentioned, it was found to be a mixture of the substance already
<li'MTi!ii.'d and of another substance having the formula \a.ll,0

,

or Na
2 2

(H
2 2) 2 , a compound of sodium peroxide with hydrogen

peroxide. To prepare it, a mixture of one molecule of Bodium
hydrate and about three and a half molecules of hydrogen per-

oxide solution are mixed and evaporated in vacuo. The crystals

are colorless and very minute; are at first transparent, very
soluble in water, dissolve in this and in dilute acids without (volu-

tion of gas, and effloresce in dry air. In vacuo over sulphuric
acid they lose four molecules of water, leaving Na

2
H

4 6
. A

similar peroxide hydrate was obtaii I w I
i •

' -- mi. though
mixing the solutions and evaporating gave only a yellow amorph-

ic of potassium tetroxide and potassium hydrate, K„0
4+

(Ki >H -11,0),. But if excess of hydrogen peroxide be used, and
the evaporation be conducted at a low temperature — 10° C, a
white opaque mass results which is very hygroscopic and has the

I HO. or K,0
2
(H

2 2 ) 2
. These facts the author uses to

explain the "catalytic" action, as follows: The decomposition of

Ity.lr. .--.-ii peroxide* in alkaline solutions is due: 1st, to the ten-

dency of the alkalies to form compounds of the composition
R

2
H

4 B
or R

2 2
.(H

2 2) 2 ; 2d, to the tendency of the alkali metal
within this compound to oxidize itself to a higher oxide, the
tetroxide ; and 3d, to the reduction of the tetroxide to dioxide by
the water present.—Z/rA/V/* .1 »//<//</>, exciii, 241, August, 1878.

2. On a Series of Magnetic Compounds having the Formula
R"Fe

2 4
.—Of the possible compounds of ferric oxide with the

basic oxides isomorphous with ferrous oxide, only two, MglV <>,,

1
.'!''< d by Deville, and ZnFe

2 4
, by Ebelman, both produced at

ire known. * List has undertaken to prepare
tluM compounds in the wet way. A ferric chloride solution as
nearly neutral as possible, was precipitated with excess of lime
water or of calcium saccharate, the hright leather-brown precipi-

viih linn water, filtered, dried and ignited. A dark
brown friable powder, having the composition CaFe

2 4 , was
obtained, which wa- stmngh attracted by the magnet. Barium-
ferric oxide, obtained aim properties. The mag-
nesium compound, prepared either by adding magnesia to a neu-

..f h ml- cldori.h or h\ adding potasHum or sodium
hydrate to mixed solutions of ferric chloride and magnesium sul-

phate, is a cinnamon-brown powder, strongly magnetic. Man-
-

-

1 " •"-. zinc, nickelous, cuprous and lead oxides yielded like

compounds. Even potassium and sodium oxides, ignited

oxide, yield a compound attracted bv the magnet.

—

Uer. Jierl. Chem, Ges., xi, 1512, Sept., 1878. * g. f. b.

.3. On the Copper-zinc couple and on AW_y,// Hydrogen.— In
view of the fact that finely divided copper charged with hydrogen

''''''•-'"ate to chloride, (u.aimonk and Tkiue have been led to stud\
the reducing action of palladium and platinum hydrogen and to
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compare it with that of the copper-zinc couple. They also tried

copper-hydrogen and carbon-hydrogen. They find a close analog
between some actions of the copper-zinc couple, of occluded

hydrogen and of the so-called nascent hydrogen, and conclude
that the great power of hydrogenization and' reduction of the

copper-zinc couple depends on the absorption of hydrogen by the

finely divided metal. The activity of the hydrogen in these eases

may be explained by supposing (I) that its energy is increased hy

"(3)

authors incline to the opinion that the activity of nascent hydro-

gen is due only to its occluded condition.—J.~(_'h.',n. N<«-., xvxiii,

306, Aug., 1878. g. f. b.

4. On the Action of Xitsous >«;<! on Unsaturated Hydrocar-
fum s.—Toxxiks has observed that when a concentrated solution

of potassium nitrite is mixed with a solution of an unsaturated

hydrocarbon in glacial net-tic acid, products are obtained which
analysis shows to be direct addition products of the hydrocarbon
and N

2 3
. Thus furfurbutylene gives a beautifully ery>rallized

compound C
e
H

10
O.N

a
O

3 ,
phenylbutylene gives C

10
H

18
.N

9
O

s ,
and

styrol, totylbutylene, anethol and amylene give similar bodies.

On reduction, these bodies give bases which contain in the place

of the N
2 3

group, an amido and an hydroxyl group. Thus the

furfurbutylene compound affords a weli'crvstalHzed hydrochlorate
< .11 O.OH.NH...HC1, and the phenvibutvlene compound gives

( 11 <)II.NH
2
.HC1. Hence the nitrous oxide, N\0 . splits into

X) > and OXO, so that the compound may be considered a nitroso-

sul.stitutiou product, on the one side, and a nitrous ether on the

other. With this view the results of reduction agree, the nitroso-

substitution product being always converted into an amido-com-
pound, and the nitrous ether into an alcohol.—Ber. Bert. C/„.,n.

Ges., xi, 1511, September, 1878. g. f. b.

5. On the Production of Methyl Aldehyde.—The method orig-

inally described by Hofmaxx for preparing methyl aldehyde con-

sisted in passing the vapor of methyl alcohol mixed with air over

an ignited platinum spiral. Later Volhard, producing the alde-

hyde by condensing the vapors from an aphlogistic lamp fed with

methyl alcohol, showed that the condensed liquid contained only

one per cent. Ilofrnann has now devised an improved method of

preparation which coumm^ in
t
.:i— in-_; -. suitable mixture of methyl

alcle.l v;i],ni- :ni.l air ,i,e containing a bundle

wires. rii...l t . rately 'heated. Abundance ot nnflivl

aldehyde is formed and on condensing the vapors a liquid is ob-

tained which contains not h-s> than live percent of this substance.
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of methyl aldehyde.—Ber. Berl. Chern. Ges.,

based upon the fact that bromine i

phenol dissolved in water producing tribromphenol and hydrogen
bromide: C.H.OII + (Br

i),= C,I I ISr » )I I
,

flliJri. (>.. .-. - 1- 1 s n _--

rllt ' bi mint \ u . .1, .-,
i ,, tiiM is dear; but soon it be-

oomes turbid and finally on continued agitation, a snow-white
voluminous cur \\ t r< , i • *

i

-
.-

i \ . -
-'•-.! needles,

throwi lowi _ I Lquid ch ar The slightest excess of
bromine is recognized by potassium iodide and starch paper. To
estimate an amount of phenol, up to five per cent, it is sufficient
to add one drop of a bromine solution in excess containing forty
grams bromine and hall' as nincli i>oi.a>siiini bromide in a liter,

provided the titered fluid does not exceed forty to fifty cubic cen-
timeters. The titer of this bromine water, which varies from day
to day, is fixed by adding a known quantity to a solution of

lid..., and ti i-i n- th iodin <et'fn ' with sodium
ire. A spHps of pvnpn'mpnts with l.henol showed the

;i! »". duly, 1878.
7. VanUlhi hi Gin.i lifiizohifi-o),, Shim.—Ja^nasch and Rump

have Mieceeded in preparing vanillin from the gum benzoin of

r\\
,;r" !

- • ' v.hioh _ m:
i \i was Sirs! disc,.,cred bv the latter chemist.

The finely divided gum is intimately mixed with half its weight
'.'i an iron vessel, water being added to make

''. Ten or twelve times the quantity of boiling water
is added with < ntinu. l stirring, the solution is li - 1 from beiizoh
acid by acidifyinu' it. and the aci i Ultra!* is extracted with ether.

nl-ure \am!lin is left. After recrys-

''m water, it is soluble in ether, alcohol, chloroform,
glacial acetic acid, less so in cold benzene, crystallizing from all
m prismatic crystals. It fuses at si . reddens !itmu> when in
solution, expels carbon dioxide from carbonates forming salts,
gives a dirty -reen or violet color with ferric chloride, has the
taste and odor of vanilla ind |>n ioitates had acetat< and silver
nitrate. Puriri 1 V, in h... li , ,, -awhile its analysis gave num-

_ with'tle-e of vanillin. Petroleum ether, boiling
"w 90°, dissolves it abundantly when hot, scarce! v at all

when cold. It crystallizes from tliis solVent in ' i_ i sfdeudid
groups of long highly refracting prisms of considerable size.—Ber.
Men. Chem. Ges., xi, 1634, September, 1878. o. f. b.

8- On the Alkaloids of the Aconites.—WraGHT and Luff, in

r on the alkaloids of the aconites,

' the action of saponifying agents on aconitine, (2) the
action of acids on aconitine. (V) the action of organic anhydrides

iaconine, (4) the decomposition
''"';;'- "! pioraconitino. and <:>) th« alkaloid constituents of
aeomte roots generally. As a result of their investigations they

A-m. Jock. Sci.—Third Series, Vol. XVI, No. 95.—Nov., 1878.



384 Scientific Intelligence.

conclude : 1st, that Aconitum ferox roots contain a characteristic

aconitine C
S6
H

49

2d, A. napellus

roots contain chiefly aconitine, C^H^NO,,, crystailiznUe, fusing

at-184°, and forming crystallizable -alts, d Ps idaconitim and

•natives closely resem-

bling the original bases. 4th, Saponifying agents break up pseud-

aconitine. aconitim and picra< 'it in . forming benzoic acid or a

derivative of it, and new bases, pseudaconine C
s
.H

4J
N0

2
aconine

l
,

.,.I!....NO
iJ

, and picraconine C
24
H u NO,, 5th, On treatment with

organic acids or anhydrhh -. a ••.nit'.n.- a<>d ,. - i
-. I

:
>

>
omnia 1 -e tlm

• i water and form derivative- in v. bi< h 11 is replaced by
an acid radical. 6th, Aconine and pseudaconine form analogous

derivatives by the action of organh mh< Irides ind >erh i - n-

of organic acids. 7th, Certain acids, however, only transform

aconine and pseudaconine into apo-derivatives. 8th,"Since there

is no particular difficulty in obtaining ^.'1 em stallized salts and

bases both from A. ferox and A. napellus, the use of the amorph-
ous precipitated substances at present sold as aconitine should be

discontinued and that of the crystallized alkaloids and their salts

substituted.—/. (•/„„,. »„„ wxiii, a is, Aug., 1878. g. f. b.

9. On a supposed new element Mosandrum.—Dr. J. Lav. i:km e

Smith, in a recent article in the Comptes Rendus (July 22, 1878)

has announced the discovery of a new earth in the samarskite oi

North Carolina. This earth belongs to the cerium group and to

it the name Mosandra, or Mosandrum oxide has been given. 31.

Marignac, to whom some of the material had been submitted, has

sugge-ted (C. Tt., Aug., 1878) that the supposed new earth is

prohnbh id ••' ' with terbia. Dr. Smith, while admitting the

presence of the terbia in the mineral still claims that a distinct

earth—the mosandra—is also present ; he has the subject still

J Beat of Glucinum.—The specific heat of this ele-

arel'ullv determined by Xilsoii

and IVttersnii, :il ,d the results of their investigation are given in

the Ann. de Chim. et Phys. for July. These chemists prepared

hermetically closed by a screw-cap—a mixture of chloride of glu-

cinum and nie'.illic -,„!ii,i.|. '.
. orodur ' w a- a ndxture of com-

mon salt m , uci u ... r.hioh wh.n m cdi. 1 viti iter h ft t

metal in brilliant spangles, dendrites or globules. The metal

thus prepaved is described a- of the gray color of steel or tin. as

very hard, and having a g-< ,t u-n h i. <. to ,., , * bH/e. The glob-

ule- r idil; In-* k mid tin ii Miner, i I i h< metal does not

melt at a temperature at which coinm..u salt rapidh \ latiliz-s.

It undergoes no change in the air even when heated to a high

emperufure, and in a curi to _ ga- it i ins unalt« n 1

at a ivd heat. Tile vapor of Milplmr is without action upon it.

but in the oxidizing flame of a blowpipe the metal becomes co^-

ered with a coating of oxide, but without any appearance of hgui-
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tion. Glucinum does not act on pure water, either at the ordinary
temperature or when heated. It decomposes, however, the
hydrates of potassium and sodium as well as hydrochloric ami
Wlph ric a '

. tion of hydrogen when
Is are Ilea ted. Nitric acid attacks the metal more

slowly. When heated in a current of dry chlorine, the metal
burns with great brilliancy, yielding white crystals of its chloride
beside- a -in , i ! , -

, ii el'i. i' ml a residue of
undecomposed -lm-ina. Thi> reaction indicates the nature of the
impurities, and analysis showed that the crude metal contained

An accurate knowledge of the nature and amount of the impu-
rities enabled the experimenters to deduce from the observed
specific gravity of the crude metal 1-9101 the specific -ravitv of

;il 1-64. In like manner the spe-
"

: '> ] H of pure glucinum was deduced from that of the crude
• I5unsen"s ice calorimeter, after the method

l< r and Wartha. The result calculated from the mean of
four observations gives for the specific heat of glucinum 04084.
This result is very interesting, as it indicates a closer relation

between ol Ul ,-,,, has asuallv been supposed
to exist. The specific heat of aluminum multiplied by its atomic

0-2143 X27-5=5'89, and if we assume

i sesquioxido, then the atomic weight

and 0-40S4X 13-9=5-70; while, on

heat just found, would give a product wholly irreconcilable \

."' UM
'

''• tl rv. The same com lusi >n in regard to the constitu-
tion of glucina was reached by the writer several years since, on

•;•.- alumina might replace glu-
(

'.l " a
- It is also worthy of notice that if this view of the constitu-

|'",n "5 the oxide is correct, the atomic weight of ducinuni is one
il:,it ' r hat <>i aluminuni uiihin the limit of uncertainty which still

attaches to these values. J. p. c, jr.

11. Photometric Measurements of Electric Lights.— "Sir. W.
the two shadows of a metal rod

*wch is 1 cm. in diameter, 7 '5 cm. long. The shadows are 7-2

rot from one another and are thrown upon a screen. By
!

1!
' ,lj - «>f a heliometric adjustment and a divided lens the two

images of the shadows (seen through oiled paper) are made to
approach each other and are observed through an eye-piece. The

' le equal b\ 'he approach or recession of one. With
tne use of homogeneous lights the measurements are very exact

;

tor instance, in the comparison of a candle and a lamp the ratio
vanes from 1 : 10-18 to 1 : 10-26. By means of red glass and an



.

iii speeds by
, under variecompared.

circuit, with a paraflne lamp. Reflected light v.. is cnrenuiy sum
off and the light passed through a square opening of eighteen

inches in a wall of the laboratory. The actinic effects were also

compared according to the method of Roscoe. It was found that

the brightness, or intensity, as well as the actinic effect, increased

in a greater ratio than the number of revolutions of the generator

and the horse power consumed. The increase was slower for the

red rays, quicker for the blue and quickest for the actinic effect.

The following table exhibits this result

:

No. of Horse
revolutions, power. Blue light. Bed light. Actinic effect.

240 1*6 360candles. 180 candles

of the voltaic arc was about 0-18 of

with 375 to 383 revolutions per minute

;

power of the machine was 111 volts. The resistance of the cir-

cuit was about 0*5 of an ohm.

—

Proc. Roy. #oc, xxvii, 15 7-1 OH,

1878 ; BeiblittUr Plnjsik „„</ ( '/>emie, ii, 497. J- t.

12. A new Electric Lamp.— M. G. Reynier describes in the

Comptes Rendus, 1878, lxxxvi, p. 1193-94, a light which obviates

the use of regulators. It consists simply of a thin rod of carbon

which is connected with one pole of the electric generator and is

pressed against a wheel which is connected with the other pole.

The carbon glows at the point of contact and as it burn- away
moves the wheel to another point of contact. The inventor claims

to have produced a light by means «.,f four liunsen element.- and

to have produced several lights in the same circuit. J. t.

13. Th .*/", r /> •: H. /"/ '// TJ. r J,.,„;< i ,>,;:„t<. IJ..--MV

has made a determination of the relative comparative strength "t

currents which are -enerai l<\ tin \-..i. in t iephones. Upon
the middle of the plate of a horizontal telephone a stiff bristle

was attached and the excursions of this were observed through a

microscope which permitted of a movement of a thousandth of a

* imikron /a). Movements of 5"77 t 7'7

cated in one telephone (numb, red : ; currents of 0-1627 and 0-2337

Weber's unit, showing that the currents were nearly proportional

to the movements. The unit of current <ra\ i mov.-u nt f= »" <

With three other tel [, 2 and 4, e had the

value- f=22-5/i, s=8-7/a and 35'9/i. In order to aw*
limit of currents which produced audible tones in the telephone,

the instrument was placed in a circuit with a Daniell cell and
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I 0*000100 0-000153 0-000084
0-00225/^ 0-00133 0'00288

VYith a movement equivalent to ?fo of the wave-length of
telephone was heard. This explains the fact that

Professor Bell heard sounds when the space between the vibrating
membrane and the magnet was filled with a cork. Bosscha thus

I Professor Bell's hypothesis that the movement of the
plate was molecular is unnecessary. The currents which

cation method.
of 1 mikron indicated a current of 0-000071
audible sound in the telephone. Bosscha speaks of the great
sensitiveness of the telephone, and remarks that it can be used in
observations upon th< in G-eissler tubes.

—

Beiblatter Physik unci Chemie, ii, 513. j. t.

_
14. On the hypothesis of a change of climate through changes

-•'
,.ch'i>tt>; or changes in thr. portion of the

axis of rotation. The following remarks on this subject are cited
from a paper by Dr. James Croll, entitled Cataclysmic theories
of Geological Climate, which has appeared in the September
number of the Geoloe-i don).—The theory of a
change in the obliquity of the ecliptic has been appealed to, in
yrder to account for changes in geological climate. This theory
for a time met with a favorable reception ; but, as might have
been expected, it was soon abandoned. The researches of Mr.
Rockwell of America, and of .Mr. George Darwin and others in this
country, have put it beyond I. ibt tl it" no probable amount of geo-
graphical revolution could ever have altered the obliquity to any

r l--.-v.-ind iN pr. -< nt narrow limits. It has been demon-
strated, for example, b\ Mr. ';.-.!•-•, Darwin, that -siipp«->iug tin-

whole equatorial regions up to latitude 45° north and south were
aea^anr"1 ' 1

tribution of weight possible for producing
—it would not shift tin- Arctic circle by so

Variations in the obliquity of the ecliptic having be<

i»eless. --col, prists and physicists are now inquiring whether
-p .rue cause may not be found in a change in the p<

- axis of rotation. Fortunately this question

;) i-un I. , . ,'.
.

( :,.„.,,

"

"»e Kev. x. F Twisden§ and others, and the result ai

•
,v ,1 -, ,-;, r\

§ Quarterly Jour. E Geological Society, Feb.,
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<>u-hl to convince every geologist how hopeless it is to expect
aid in this direction.

Mr. George Darwin has demonstrated that in order to displace

the pole merely 1° 46' from its present position, one-twentieth of

the entire surface of the globe would require to U- elevated to a

height of 10,000 feet, with a corresponding subsidence in another
quadrant. There probably never was an upheaval of such mag-
nitude in the history of our earth. And to produce a deflection

require to be

elevated to that height. A continent ten times the size of Huropc
elevated two miles would do little more than bring London to the

latitude of Hdhdmrgh, or Kdiidmrirh to the latitude of London.
He must be a sanguine geologist indeed who can expect to account
for the glaciation of this country, or for the former absence of ice

around the poles by this means. We know perfectly well that

since the glacial epoch there have been no changes in the physical

geography of the earth sufficient to deflect the pole half a dozen

of miles, far less half a dozen of degrees. It does not help the

matter much to assume a distortion of the whole solid mass of the

globe. This, it is true, would give a few degrees additional

deflection of the pole, but that such a distortion actually took

place is more opposed to geology and physics than even the ele-

vation of a continent ten times the size of Europe to a height of

Mr. Twisden. in hi- valuable memoir referred to, has shown
even more convincingly how impossible it is to account for the

great changes of geological climate on the hypothesis of a change
in the axis of rotation. This conclusion has been further borne

out by another mathematician, the iiev. H. lliil, in an article in

the June number of the Geological Magazine. And Professor

llaugi I n, in a paper read before tin l{o\ i So< i ty, April 4th,

and published in Nature, July 4th, entitled "A Geological Proof

that the changes of climate in past times were not due to changes

in the position of the Pole," has proved from geological evidence

that the pole has never shifted its position to any great extent.

''If we examine," he says, "the localities of the Arctic region-

and consider carefully their relations to the position of the present

North Pole, we hud' that we car, demonstrate that the pole has

not sensi'my chauovd it- ire dm r; o.v< 'U'icai period*, and that

the hypothesis ,,f ;! ddl'Mm:
(

„,ie (even if permitted by mechauica
consideration-) i- inud.m-ibl, t.» acomm for changes in geological

climates."

There is no geological evidence to show that since >iiuriau

times the Atlantic and Pacific were ever in their broad features

otherwise than tlmv are now—two immense oceans separated by

tlm Kasri-rn and Western continents—and there is not the shadow
of a reason to conclude that the poles have ever shifted much
from their present position. On this point I cannot do better

than quote the opinion recently ex. u Thomson.



)ed not repeat the state-
'){' dynamical principles which I gave with experimental

ago ; but may remind you
of the chief result, which is that, for steady rotation, the avis
round ( i, ut t rth 1 , > - nust >t t principal axis of inertia,

1

that is to say, such an axis that the centrifugal forces called into
playhy the rotation balance one ano i!i. a-. Th. v:is« transpositions
of matter at the earth's surface, or else distortions of the whole
solid mass, which must h tve taken place to alter the axis suffi-

ciently to produce sensible changes of the climate in any region
must be considered and shown to be possible, or probable, before
any hypothesis accounting for changes of climate by alt. rut ion.
1 f the axis can be admitted. This question has been exhausti cely
d'-ak wiili by Mr. Gorge Darwin in a paper recently communi-
cated to the Royal Society of Loudon, and the requisitions of
dwiainh i! t rli n 01 i di ration of even so much as two
or three degrees in tin- eartiTs axis in what may b<-

<'.-dled geological time, shown to be on purely _. ! <J. -a: ^•ui I-

improbable. But even suppose such a change as
would bring ten or twi uty dt _. es o m u< indtil ;ent sky to the
American Arctic Archipelago, it would bring Nova Zembla and
Siberia by so much nearer to the pole : mid it seems that there is

probably as much need of accounting for a warm climate on one
side as on the other side of the pole.* There is, in fact, no evi-
di-iici

i _u logical i 1 m it. h o i_ ,m ,t tiio-t parts of tin world
which geological investigation has reached, to give any indication
of the poles having been anvwhere but where they are, at any
H'''i 'd of L'toloouM'i time."

In the memoir from which the precediu.,- paragraph is quoted,
Sir William

: -.-w in the amount of heat con-
Vl 'V< I lrs ocean cum nts to th • Arcti< regions, combined with the
ftf'-ct of el )lt l % wm ,i ,, n i :Uilleous vapor, is perfectly sufficient to
account for the warm and temperate condition of climate which
have prevail. ie and other periods.

Now this is the very point for which I have been contending
for upward of a dozen of years. The only essential difference

between Sir William's view- and my own is simply this: he
a ''.mats for an increase in the flow of warm water to the Arctic
fcgioiw by a submergence of the circumpolar land, whereas I
attribute 'it to nai'i anam-ies brought into operation by an
increase in the eccentricity of the earth's orbit.

is. r,/„„ ,,,- //„ ,.„/,/ „j ,, ai, :,,i ,,-,, ,- by Jwm - Ciwu,
(Ibid).—When* the ec . rh"s orbit is at a high
V;>'ue and the northern winter solstice U in perihelion, agencies
l " >i i_ nto op ration w! lak ;. « ->> in - tra le winds
v

;

r "'- r than the northeast and compel them to blow over upon
™e northern hemisphere as fai pro .abh as the Tropic oi Cancer.
Ahe result is that all the great equatorial waters of the ocean are

Royal Society; "Nature," July 4, 1878.—J. c.
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impelled into the northern hemisphere, which thus, in consequence
of the immense accumulation of warm water, has its temperature
raised, and snow and ice to a great extent must then disappear
from the Arc-tic regions. When the precession of the equinoxes
brings round the winter solstice to aphelion, the condition of

things on the two hemispheres is reversed, and the northeast trades

then blow over upon the southern hemispheres, carrying the

great equatorial currents along with them. The warm water be-

ing thus wholly withdrawn i'rom the northern hemisphere its

re sinks enormously and snow and ice begin to accumu-
late in temperate regions. The amount of precipitation in the

form of snow in temperate regions is at the same time enormously
increased by the excess of evaporation in low latitudes resulting

from the nearness of the sun in perihelion during summer.
The final result to which we are, therefore, led is, that those

warm and cold periods which have alternately prevailed during
past ages, are simply the invar ovular Mimmers and winters of

our globe, depending as truly as-the annual ones do upon planetary
.

j i :
..

•onomv
16. Sci ntific Memoirs ; .being Expert i>»<i»Uil Contributions

.... York, etc. Large 8vo, 473 pp. New York, 1878.

(Harper & Brothers.)—The life of Dr. Draper has been an exceed-

ingly busy one. For a period of more than forty years, in addition

to his extended literary labors, he has devoted' himself to experi-

mental research with a ran -\ •<< ss, an 1 has in consequence been

a prominent contributor to the development of many of the most
important di^covern - of modern science. Of the mau\
papers which he has published, he has collected together in the

volume before us only those which relate to his investigations in

radiant energy. This action is fully justified not only by the ex-

ceptional importance just now of this department of physi'-s, hut

also because the American Academy of Arts and Sciences at

Boston has rcceutiv individualized Dr. Draper's share in its evolu-

tion by awarding him the IJumford gold medal, and tin

him on the illustrious roil of those who have made important
discoverer, latin, '<> li-ht-.i mil: u .h mi \s 1 hm are the names
of Hare, Ei ... Head ! \ n Clark, an. i ( .diss. To par-

ticularize individual discoveries in a book, where there are so

many and where all are so good, is by no means an easy task.

Dr. Draper's investigations on the temperature of incandescence,
;"id os, the character of the light emitted at different U-
(1847) ; on the photographic process, in the course of v.vmli be

took the first photograph ever taken of the moon and of the human
fact> asweila- r! M H iM , ,j, r ..,;„, r) , ,,,.., j.], , Wl)) . „„ the spectrum,

both prism:
i of energy

was determined and the foundation laid for >pectrum analysis

(1857, 1872); on phosphorescence and the effect of heat on it
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(1851); on the decomposition of carbonic acid by plants, in which
the luminous rays were proved to be the active ones, and not the
chemical rays (1843); on the chlor-hydrogen photometer, for

measuring the intensity of the chemical radiations (1843); on the

iding their electrical aspect (1834-
1845); and on thermo-electricity (1840); all these are researches
of the highest order. In cases where the importance of the me-
moir seemed to require it, the publication of it has been in full.

In other cases only in abstract ; though the fullest references to
the original paper are always given. Although we have in this

! investigations of but a single individual,

"'• ' I <i.
.

• ... > kea goodly volume of 4 7:5 pages.
In thus collecting together the valuable work which he has accom-
plished, Dr. Draper has not only done an important service to
American science, and produced a* book of which it may be proud,
but he has placed all students of radiant energy under obligation
to him, since they now have these most important memoirs in a
form convenient for constant reference and consultation. In his

preface, the author hints that the still larger collection of memoirs
on chemical, electrical and physiological topics, some of them as
}"' mi], ub lis

! i.tv be the subject matter of a future volume.
We sincerely hope that he may be induced before long, to under-
take the work of preparing such a volume, and thus to leave on
record in .; ..:!> t'nnn, the results of his exten-
sive labors in science. The book is i— 1 1 . . 1 in handsome style,

and has an excellent steel plate likeness ot' Dr. Draper as a front-
ispiece.

1 7. Elements of Dynamic, an introduction to the study of
Mntnn, .,,, / >l,,st'n, *'„!, 1 „„,! tJ„!,! /...dir* ; by W. K. CLIFFORD.
I'ari I. Kinematic. Svo, L>-21*pp. Macmillan & Co.—This book
differs so much from the usual works on the same subject that it

deserves special notice. A difference ot minor importance is to be
m;'''H in the title, namely the dropping of the final s in the words
Dynamics, Kin; mat iis. Staties, & G . There is a free use with teoh-

itions of Saxon words, as step, spin, twist, squirt, whirl,
&c- To tin tolh.\ in, . \t nt < ,11! , us are tacitly introduced.
Vectors with their sums and fluxes are defined and used. The
scalar and vector products of two vectors are treated as separate
products, not as parts of a single one. The quotient of vectors is

not used at all.

The following is the definition offorce (p. 2). " It is found that
ri >" <;hangi- ,,[' motion of any body 'depends partly on the position
°* distant bodies, and partlv on the strain of contiguous bodies.
! ''"'dd,.r, d as s,, depending, "the rate of change of motion is called
force.''' That this definition does not fairly express the meaning
of the word as good writers have heretofore properly used it may
be seen by trying to put rate of change of motion for force in
t,h !r ^'iiteiices. Fur instance, Newton's first two laws of motion
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le a strange form with such treatment. It may be desira-

specially in pure Kinematics, to have a term to express that

nd that some new word be taken or coined for the pur-

pose ? The word force has been already used in too many differ-

This book is called Elements, and it is really elementary, even
though in some parts, owing to it-- terseness, it is not very easy
readiug. It is certainly the most suggestive book we know of on
the subject. h. a. n.

18. Sound: a series of simple, entertaining and i,t< /» ,.*;,>.

€,'(><:*> a, iutt-< in tin .'''!>> ,,<>/,/ , „ , i <

,f S, ,u ,, d, for the use of students

of every age ; by Alfuko M. M w ek. Profosor «>t i

Stevens Institute of Technology, etc. 179 pp., 12mo. New York,
1878. (D. Appleton & Co.)—This is number two of the " Expcri-

mental Science Series for Beginners," of which the first volume,
upon Light, has already been noticed in this Journal. The object

of the volume is to prea of sound in a

simple and entertaining manner, by the use of such material^ as

are almost everywhere at hand, and with apparatus which any

ingenious student can construct for himself. To present the ele-

ments of an abstruse subject in such a way as to make the exposi-

tion easily comprehensible by a mind not specially trained in it.

and at the same time correct and satisfactory from a scientific

point of view, is one of the most di - in the work
of an instructor. Add to this the task of bringing the experi-

mental illustration of a science like that of acoustics, which
requires such refinement in the apparatus and its

within the resources of everyone, and we have the difficulty very

greatly increased. Professor Mayer's well-'

student and the i

derive many valuable suggestions ;

little volume. The subject is arranged in a very clear and
: manner, and treated in a vivacious and 'entertaining

style.^ The experiments, many of which are novel, unite extreme
mu pli. o > ith eh- nice of conception :U i<l >< i -untie t n < i>ion, and
cannot fail to iiitere-r i, ,,{ the indents int.-

whose hands the volume may fall. The illustrations, which are

numerous, are excellent lv d.>ne, ami give the book a very attrac-

tive appearance. a. W. W.
10. .1 Contribution to the History of Spectrin,' Analysis: hy

(t. F. Bk.keii. (Coinmunie;o t ,i.;— In all !..- l.M .h-.-d n-.the-

uhich have appeared on the subject of Spectrum Analysis, there

garion which must be regarded a> , c-enri;o! m. - - tli 'lire,

lion of that great invent i,,.,. and one intimatelv connected with

its ultimate development. This investigation was made by Ibui-

sen, and communicated to Herzeiius in a letter bearing the date
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Aug. 7, 1844. The ,Sw i.(l it to the Stockholm
Academy ((Efversigt af kongl. Vet. Akad. Forh., (1844) i, 144,)

his well-known " Jahresbericht tiber

," (1845) xxv, 20. Translated the report
reads as follows:—" Bunsen states, that the electric discharge
between copper poles is blue, and that it shows the Fraunhofer
lines beautifully, when observed by help of a tube through a
prism. When other metals are employed, these lines are exhib-
ited very differently and in marvellous variety. By throwing the
image on a white wall by means of a camera obscura, the phe-
nomena can be followed with the greatest exactness."
There is certainly no lack of clearness in this description, yet

everyone whom the subject interests will be glad to read the
following translated extract from a letter written in answer to my
inquiries, and dated 28th July, 1878. Bunsen writes:—" When I

made that communication to Berzelius, more than thirty years
! >go, 1 regarded thes- lines, us did every one at the time, as a con-
sequence of the lack of certain kinds of light

therefore at that period have referred only to "the dark lines

between the bright ones, and by no means to the reversed, bright
tl "'l tm< Kraunh'.f. r lines. This is sufficient to show that, in the

ns made at that time, I had as little idea as any one
else at the period, of the fundamental constancy of the 1

glowing gases, to say nothing of auv sus;.icion of the tran
tion of bright lines into dark ones."'

It is superfluous to predict that others will ascribe to this
research a very different degree of importance from that indicated
by the investigator who made it.

II. Geology and Mineralogy.

1. Oil-well Records in the Northern or Bradford Oil rations,
I'lnn.^/LrannL—A paper by C. A. Asilisr KNKIl, of the Ceolo^cal
Survey of Pennsylvania, published in the Proceedings of the Amer-
ican Philosophical Society, contains records of recent well-borings
in McKean and Elk Counties, the Northern or Bradford oil-regions.

Among them, ihat ot the well of Dennis & Co., in the former
(,"<ii'ty. to th. southwest oi Bradford, is of special interest on
account of the exact register it gives of the kinds of beds passed

'v the drill. A complete description of the rocks will

. Mi \>hburn. i"~ • t ming Report of Progress.
1 '"'- Ovation of the top of the well above sea-level is j.o.-,.-, teet ;

and the rock about the mouth is the Olean conglomerate, or the
{^ottom of the Millstone -rit. called the Coal conglomerate, No.
XII, in Pennsylvania treoloo-y. In depth is 1.7!'.' teet. The bor-
mg took place in December. 1-77 and January. 1*7*, and the rec-
ord, which was kept by Mr. Arthur Hale." aid to J. F. Carll,

"-*—
, Geologist in the Geological Survey, is the longest de-
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tailed and accurately measured record of any oil-well in the United
States. The oil-producing sand < .- to the Che-
mung period, or the upper part of No. VIII. in Pennsylvania
geology. A letter to the editors from Mr. Ashburner contains

the following statements respecting it. One object in view was
tx> determine the exact stratigraphical relations between the

'•Third oil-sand" along Oil Creek, Venango Co., and the produc-

ing oil-sand at Bradford. Mr. Carll ascertained, in 1875, that the

two were different, and that the former was stratigraphically sev-

eral hundred in hi- i {epo rt of Progress, the

top of the Oil Creek "Third sand" is stated to be about 750 feet

below the bottom of the Second Mountain sand, which is probably
the equivalent of the Olean conglomerate in my records. The
Bradford producing sand is 1,780 feet, more or less, below this

latter horizon, s, , that if the measures neither increase nor diminish

in thickness between Bradford and Oil City, the Bradford produc-

ing sand would be about 1,000 feet below the " Third sand" along

Oil Creek. We are sure that the rocks maintain a constant thick-

ness between these two points.

The paper of .Mr. Ashburner gives the records also of the Kin-

zua Well, 1,768 feet deep ; the Wilcox Well, No. 2, or Schultz Gas
Well, 2,004 feet deep; the Wilcox Well, No. 3, 1,808

It states, concerning the Schultz Gas Well, that gas issued in

immense quantities from a depth of 1,776 feet. An inch pipe was

inserted to a depth of 2,000 feet, and the mouth of the well closed

with the hope of causing the gas to force out the oil from the lat-

ter depth. Two or three barrels of oil were thus obtained; and

if, as Mr. Schultz believes, the tube was entirely filled with the

oil, the pressure of the gas was sufficient to raise a column of oil

an inch square in section and 2,000 feet high. This great pressure

was sustained but for a few moments ; the gas probably became
^ - ughly mixed up with the oil, which from its low temperature

qui< U\ . .no-, ii. .1 nd eti;,-M Hy choked the pipe." After a fe\v

?ntirely ; but after thirty-si

with great energy. The
hours the gas ceased entirely

;

increase ot the pressure in the earlv part of i>77. !

later the flow of gas ceased, but in July 14th it began again to

How: ami " up to the present time the amount of gas in.ava-e-

vals." The gas was use
ing the Wilcox Well, No. 3.

2. Rxjion of the Great Zakes.—Mr. George Maw, F.L.S.,

mentions (Geol. Mag., Oct., 1878) facts connected with the level

and depth of the Great Lakes, and of glacial phenomena ahool

them, (stating, among other things, that the bottom of I^ k <

Ontario is 365 feet below the sea-level and 600 feet below it- own

outlet into the St. Lawrence
; of Erie, 462 feet above the same

;

of Huron, 145 feet above ; of Lake Superior, 65 feet below the
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sea-level); and concludes that the idea of the
Ontario to a depth of 600 feet by glacier action is wholly unten-
able, and that the theory of glacial excavation for the Vim in <>f

large lakes must l>e set aside, in which lie is plainly right; and he
concludes that the lake depressions are ofpost-glacial origin.

3. On the occurrence in Xarth J/.ar'ira <>/ rare E.rtiia-t Vertc,

i>rut,s f,„i,nl/rag ,, .tarilyin F.nglan<<- Professor K. Owen has
a paper with this title in the Annals and Magazine of Natural
History for September, 1878. It treats first of the "Restoration
<>f '"handrosteosaurus" to which he refers Cope's Camaroxannis,
and secondly of the Restoration of Coryphodon. In the remarks
on the latter genus, first established by Professor Owen, the author

many points of interest, and gives credit to Professor
Mar>h"s di>e<>\ eries i"<..r the chief part of the facts upon which they
are based. The paper has the following concluding sentence.
" To the close and careful comparisons of the conscientious pahe< m-
tologist of Yale College, we are indebted for the above interesting
and unexpected additions to our knowledge' of i lie rare and ancient
Tertiary mammal, fragmentarily indicated in the 'plastic clav' of
England (1845) and in the 'conglomerate de Far-He pla>rf.pie'

at Mendon, France (Hubert, 1856), of the elements toward a res-

toration of which we might have long remained in doubt had they
continued to be made known to us as parts of a Bathmodon or
Loxolophodon."

4. On the Erupted Rocks of Colorado ; by J. M. Endlich.
r>~< - pp.. 8vo. From the 10th Annual Report of the United States
Geological Survey under Dr. F. V. Hayden, United States Geolo-
gist-in-charge.—Mr. Endlich classifies and describes the eruptive
rocks of Colorado, their relation to the veins of ore, their age and

5. Analyses of Saussurites.—The following are the references
for the analyses cited on page 341.— 1. T. S. Hunt, this Journal,
ff

- wvii, :545, 1859; 2, Fikenscher, J. pr. (hem., l.wxix, 15(i,

1863; 3, HttTlJN & Pfaffius, Verh. Ges. Freib. im Br., ii, 1861;
4, Delesse, Bull. Soc. Geol. de France, II, vi, 547, 1849; 5, of a
specimen from Neurode, Silesia, Vom Path, Pogg. Ann., xcv,
555, 1855; 6, C. F. Chandler, Inaug. Dissert. GiJtt., 1856 (from
Zobten, Silesia) ; 7, 8, of a lavender-blue variety, in euphotide of
the Isle of Unst, M. Foster Heddle, Min. Mag., Truro and Lon-
don, April, 1878; 9, Delesse, Ann. d. Mines, IV, xvii, 116, 1850;
~7 10

, Damour, C. Rend., lvi, 861, 1863; 11, L. R. Fellenberg,
N'at. (;e s. Hern., 1865, 112; 12, of a saussurite hatchet from near
Gerlafingen on Bieler See. Switzerland, Fellenberg, Verh. d.

Schweiz. Ges. Solothurn, 1870 (G — 3-2978).

.
The analvsis of the Orezza saussurite by Boulanger appeared

Jn the Ann. des Mines, III, viii, 159, 1835 ; he obtained Si0
2
43-6,

A1°
3 32-0, MgO 2-4, CaO 21*0, K2 1-6= 100-6. He also

analyzed a saussurite from Mt. Genevre, obtaining SiOa 44*6,
A:,,

;
• '•!. .M uO _••.-,, CaO !.->:,, Xa.,0 7'5= H'«"t., showlm.' an

! ion "to Delesse's results and a composition near that of
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labradorite ; "but G.=2-65; it was therefore in the feldspar, and
not the saussurite, state. The occurrence of hiluadorite and saus-

surite in a euphotide, and transitions from one to the other, appear

to be not uncommon.
An analysis of a saussurite from euphotide in Norway near

Bergen, afforded Th. Ilfond dd (Xyt. Mag. Nat. Christ iani'a, and

(.roth's Zeitsehr., Ls7S, 305), I

MgO 0-81, CaO 20-94, Na2 2S
It differs little from other analyses of saussurite of the first kind,

or true saussurite, excepting in the small amount of magnesia.

Although jadeite is not yet known to be one of the euphotide

being thus far only polished implements

analyses a" "
the following are here added

!•'. : > -i-ir, Verh. d. schweiz. Ges. >..|..thuii.. *: : t. K«-k- "'•

in H. Fischer's work entitled "Xephrit und Jadeit," Stuttgart,

1875, p. 375.

Th. de Saussure's paper in which he gave the name Sawnd
to the " Jade" which his father had described (in his Voyages
dans les Alpes, i, §112 and v, §1313) is contained in the Journals

des Mines, xix, 206, 1806. Further study will probably result in

dividing up euphotide according to the kind of saussurite present.

6. On Leucoxene in the New Hampshire Diorites ; by G. W.
Hawes. (From Mr. G. W. Hawes's Report on the Mim ral<»gy

and Lithology of New Hampshire.)—In this Journal, volu "'

page 134, I described certain reticulated appearances i

npshire, as probably of or

These forms were the result of a species of decompositk
'Greenstones" of New Hampshire, as probably of oi cranio ougu

- . peculiarly subject, and The structure was

produced by the cleavage or lamination of the mineral. The

product of the decomp ah white substance, the

composition of which is 1. It was called leu-

coxene by Gtimbel. Sandberger and von Lasaulx regard it as

a lime titanate. which iv-nh> from a reaction between the titanic

acid and the lime of the hornblende and feldspars. Cohen -in-

gests that it is pure titanic acid, which view is favored by Rosen-

busch. But whatever the substance maybe proved \>< U.•, the

form- observed are the result of the decomposition of titanic acid.
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of Pyroxene and Hornblende ; by G. W.
Hawks. (From Mr. G. W. Hawes's Report on the Mineralogy

lire.)—Though any material capa-
1, '

(1 "1 iiu'inii u |.\ roxene may, under other circumstances, crystal-
lize in the form of hornblende, yet when the two species are so
a-<> ;, t ;..,! ;l s I,, i,,..ii ( ...,1,. r;,,.;,. formation under the same circum-
stanc< s, eh, iiiical composition must determine the species. This
intimate association of the two minerals is frequent in certain
eruptive rocks, and some New Hampshire diorites furnish very

aples in which both species are well crystallized.
The following analyses of associated pyroxene and bornhlende

from Edenville, N. Y., at which place material in a state of purity
can be obtained for analysis, were made for the purpose of dis-
covering wii aces had affected the crystalliza-
tion. The following were the results

:

Hornblende. Pyroxene.

Silica... 42-97 51-05

Alumina... 11-90 2-02

Iron sesquioxide 308 1 *30

Iron protoxide 13'84 12-18

Manganese protoxide -48 *12

Magnesia 11-49 10*02

Potash -88

Ignition ._ -38 -34

99-38 99-10

The association of pyroxene and hornblende has been noticed by
vom Rath in the Vesuvian lavas, where they were forme/ 1

l>y sub-
!l "ialion. i-s, ,. ]\,_, u . Aim. Hand Krgiinzimg. vi. J-Ji) ) Tl . \ , iV
ses were imperfect on account of the small amount of material, but
it is interesting to observe that they show the same dilferene.es

;

that is, the hornblende contains a larger percentage of alumina, a

smaller of lime, and - • • nt in the pyroxene.
8. Die Mineralienxiunohn, 1 r h<>> ., - Wdh. „,<. f'i,: >. , /.,'

v a bu ,.//. Supplement zu den vorhandi len mwerdlogiaehen
ll-u„U,n,-h,-n , von I*. (im.Tic. 271 pp. 4to, with six plates. Strass-

, 1 1 1, ,
„,,,-!' .

-- . < . luiing his six

whmli ranks very
high both as regards the number of sp : <imens and tlu-i;

be has rec. otly published con-
1:u,is tlie results of a very minute study of the coljc-tion, giving a

' >
i 1 each sp nen with it- < ilit uid determination

"
! the f/uin when crystallized. The work contains much that is

monograph of the species giving, many
umber of figures. The volume is thus

mineralogical literature. e. s. d.
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9. Mineralogische und Petroyr«i>LL*'-he Mltthdhmgen, heraus-

gegeben von G. Tsciikrmak. Xt \v series, vol. i. Vienna, 1878.

—

:>••'•' :<'.., I

,".

.

of Professor Tschermak. i . .;j
•

. shin i
— T I in connection

with the publications of the Austrian "Geologische Reichsanstalt,

have occupied an important place among mineralogical publica-

tions. With the present year a new series lias been commenced,
and in future the Journal will be published independently in

yearly volumes of six numbers each. Its scope is at the same
time enlarged both as regards original articles, and in the summary
given of mineralogical work published elsewhere, which forms an

important part of each number. Its usefulness will be much in-

creased by the change. e. s. d.

10. Brief notices ofsome recently described minerals :—

_

Friseite. Occurs in dark-brown orthorhombic crystals with per-

fect basal cleavage; transl

An analysis gav

3S 26 is obtained. It is very

propriety of giving it a new name may well be questioned.

Locality, Joachimsthal in Bohemia.—(Vrba, Zeitschrift fur Krys-

tallographie, ii, 153).

Hibbertite. Occurs as a loose powder of a lemon yellow color

imbedded in purple kammererite. The percentage c
obtained for it after the ded m-i i...i oft!,. kauim. ivci . .

it could not be entirely separated, is as follows:—CaO 2 8 -Ilk 31g< >

26-55, FeO 3-23, MnO 0-58, C0 2 25-44, H2
15-73. The name is

given only provisionally. a< (!>• ral is not yet

established. Locality, Island of Unst (Shetland Isles).—(Heddle,

Mineralogical Magazine, ii, 24),

Htdlitt A soft velvet-black mineral, with a dull waxy luster.

It occurs filling cavities in the basalt of Carnmoney Hill, near

Belfast, Ireland. An anaUV- atrknied :—M< »., :; ! i. A10 3
10'35,

Fe0 3 20-72, FeO 3-69, MgO 7-47, CaO 4-48, H 2
13-61, C0 2 ,

Mn(), tr, =99-77. It seems to be allied to delessite.—(Hardman,

Nature, Sept, 5, 1878).

StMzite. Observed in lead-gra .
petals on a

specimen of gold from Transylvania (probably Nagyag). The

crystals are referred to the monoclinic system, though the sym-

metry is closely that of the hexagonal system. Contain-
and a high percentage of silver, the composition being probably

expressed by the formula Ag4
Te=tellurium 22-5, silver 77-5.

The crystalliu form is eio^h related to that of dyscrasite and

• •hah-oriti-. -iSrhrauf. Z.-i'.-rlin'.r tur Krv- .1'- _i |-hh- ''• ~ *'"'
'.

Pseudobroohite. Occurs in minute tabular crystals

to the orthorhombic system
; cleavage brachydiagonal distinct.

H -6. G.=4-98. Color dark-brown to iron-black, but in the

thinnest crystals brown to red, translucent. Luster a!

An analysis afforded Ti02 52-74, Fe0
3
(A10 3 tr.) 42-29, CaO and

MgO 4-28, ignition 0*70
; according to this the mineral has the
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same composition with menaccanite, from which it differs in crys-
m.—(Koch, Min. u. Petr. Mitth. i, 1877.)

Szahuit,:. Occurs iii minute, exceedingly thin, triclinic crystals,

which approach the form of pyroxene quite closely. H.=6 and
above. G.=3"505. Color hair-brown, in some crystals brownish to
hyacinth red ; opaque to translucent. An analysis afforded :

—

no_ -,. .-,. KO 447.1. iAIO u.i. l.i«> i 12. MuO, Xa
aO tr.,

ignition 0*40. The mineral is more or less closely related to
l,almi-t<H,he.—(Ibid.) e. s. n.

11. Geology of New Hampshire.—The third volume of this Re-
port, recently issued, c, mains the reports of W. Upham on drift,

and of G. W. Hawes on mineralogy and lithology, already noticed,

and on Economic Geology, by
C. H. Hitchcock.
The Atlas of the Survey ha;

.

maps of the geology as

urvey. The coloring is well done.

rates several interesting points in the geology
of Northern New England. It shows that the region of Northern
Jfew Hampshire has Lower Devonian rocks (Oriskany and Helder-
berg) just east of its eastern boundary, near latitude 45°, south of

Lake, in Maine, the age of these rocks being proved
by their fossils; that to tin- westward a degree and more, and just
north of lat. 45° (45° to 45° 20'), east of and near Lake Memphre-
magog, there are also Lower Devonian rocks, fossil corals king
fwad :t fa calcareous beds which alternate with Heklerberg

; of the Gaspe sandstone ; and that be-

iliferous areas of the eastern and western borders
oi JNew Hampshire, over Coos County, there are broad, parallel,
li;; "l.v north and south, belts of "Calciferous mica-schist," the
Gods group," the "Lyman group" and the "Lisbon group,"

''-sides strata of elav slate.

The Atlas also shows that the
agog

the southern extremity of the State; that in the Connecticut \„.
ley, one-third of the way to the south extremity, at Littleton and
Lisbon, there occurs a Lower Helderberg (Upper Silurian) lime-
stone, semi-metamorphic, whose age is determined by its fossil
corals and brachiopods, and near by arc Co<'»s, Lisbon and Lyman
beds; and at the south extremity of the State, just west of the
southwest angle, there is again Lower Helderberg limestone—that

imorphic beds of which contain

t he writer's observations prove that the Bernardston limest
group * embraces, within a few miles northeast of Bernardsi

* See this Journal, III, xiv, 379, 1877.
A*- Jour. Sci.-Third Series, Vol. XVI, No. 95.—Nov., 1878.
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mica and hornblende schists, staurolitic schist, quartzyte and other

rocks, all lying conformably and alternating with one another

;

and that these rocks are similar in lithological character to the

mica and hornblende schists and quartzyte of the valley to the

north ; and, that part of them, as Professor Hitchcock asserts, art-

identical with his Coos slates, indeed, so closely identical that the

Bernardston mica sehis; is made by him Coos. The latter has

stated also that the Caleii'emus mica schist belongs with the Coos.

In view of these facts there is little reason to doubt (1) that the

region of New Hani] >si ; .
I

;

. rn portion across from

east to west is of Lower Devonian and Silurian age
; (2) that south

of Lake Memphremagog, along the Passumpsic and Connecticut

valleys down to Massachusetts (if not farther), the rocks are of

Lower Helderberg age and perhaps partly of Lower Devonian;

that thus New Hampshire has Pal >t older than

Upper Silurian on its northeastern, northern, and all its western

borders; and that the White Mountain region occupies the space

between,—Mt. Washington being not twenty miles east of Little-

ton. These conclusions are those of Sir William Logan's geologi-

cal map.*
As to the geological age of the region of the White Mountains

and that south of it, the map gives nothing definite. Professor

Hitchcock's report, (the closing pages of vol. II) \ makes the Beth-
"

i Lake Winnipiseogee gneiss and the porphyntic

,n ; the Montalban schists (mica schists, etc., of

the White Mountain region) Upper Laurentian ; and the Lyman
and Lisbon groups, and the hornblende schist formation, Huronian.

In the east-and-west section across the State between the parallels of

44° and 44° 10', published on one of the geological maps of the

Atlas, the Bethlehem gneiss (so-called Laurentian) is shown to be

•m/.n-nnihle in its bedding to the Lisbon Group; and the latter,

conformable to the Coos and Calciferous mica schist. Ay-aiii in <

section running across between the parallels 43° 60' and 44°, the

Lake Winnipiseogee and Bethlehem gneiss are conformable to

one another and to the staurolitic schists of the Coos, and the

latter to the Calciferous mica schist. Again, in a section 1>< tweeii

the parallels 43° 40' and 43° 50' the Montalban schists and Beth-

lehem gneiss are conformable, and the latter is made conformable

in Moose Mountain with the staurolite schists of the Coos ;
and

east of Hanover, this conformability i> repeated, and the loi'.s i<

made conformable with the Hornblende schist, Lisbon _

slate, Calciferous mica schi>t. ami lie i oos farther west Thm-theit

is no evidence in the stratification, according to these sections,

that the so-ca!i,d Pmivm ; ;;ll and Huronian are any older th:o"

the Coos and Calciferous mica schist of the Connecticut valley

;

* The statement on some of the maps— "Sillery, Lauzon, Lewis: Logan's ar-

s .

-
not famili a 9 Ql fa these formations "Lower Sibrt

and not "Upper Hn , ,,ek meant to say L(

of what he h in Upper H uronian

f This Journal, III, xiv, 316.
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and therefore, whether Laurentian, Hu
the section? afford nothing to s

based on the lithological characters of the rocks, put forth in Pro-
fessor Hitchcock's Report. The evidence, as it stands, is strongly
in favor of making the Coos and Calciferous mica schist, with the
Lisbon and Lyman groups and the Hornblende schist, of the age
of the Lower Helderberg, if not also partly Upper Helderberg.
It leaves the age of the gneissic rocks wholly undetermined.
There is as yet no good evidence as to the existence, or not, ot
hauivntian or Ilnronian rocks in Xcw Hampshire. i. d. d.

12. Manual of Mineralogy, by James D. Dana.—A new, and
mostly rewritten, edition of this small Manual of Mineralogy will
be published by Wiley & Sons, New York, in November.

III. Botany and Zoology.

1. Ueher apoyanie Fame un<l die Ersrheinnng der Apogamie
im allgemeinen ; by A. de Bart. Botanische Zeitung, July 19th,

1878, et seq.—The article bearing the above title contains the
substance of the address made by Professor De Bary at the annual
meeting of German naturalists held in Munich in the autumn of
1877, and the results of his observations on the non-sexual repro-
duction in ferns as first described in the Motarrische Zeitung of
1874 In the last named paper [by Dr. Farlow], it was shown
that, in some cases, the prothalli of Pteris Cretica, instead of the
usual growth from a -. ,i!. produced ordi-
nary buds, from which the new fern plant developed without any
sexual action whatever. The observations now published by Pro-
fessor De Bary were made with the intention of ascertaining more
m detail the frequency with which the non-sexual mode of repro-

duction occurred in ferns, and its relation to similar processes in

ne gives the
cases where antheridia, archegonia, and the normal embryonic
development apparently occurred, he found, by watching the fur-
ther development of the fern, that the prothalli were not those of
Pteris Cretica. but came from the spores of other species which
had accidentally found their way into the cultures. Of the differ-
ent species studied by De Bary, in thirty-four, exclusive of varie-
tu " s

, only the n..niial development by embryo-formation in the
^tral cell of the arehe-onium was observed ;'in three, Asr i>/iu,o

F>ii.r-llul ,s V;ir rr^t-itiiin. Aspidium falcatum, and Pteris Creti,-,^

only the non-sexual budding. The prothalli of Pterin * 'retira,

may or may not contain antheridia. When present they have the
same structure as in the typical Polypodiacece. In by far the major-
V Y "f eav,, s there are no* trace- of archegonia, even in a rudimen-
tary condition. Out of hundreds of cases, only seven were found
w«h archegonia, and they all aborted. Aspidium Pilix-mas per-
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resembles Pteris Cretica in the distribution of antheridia

um archegonia occurred

tballi. Although in the

irchegonia, but in Aspidium falcatum archegonia occurred

least 25 or 30 per cent of the prothalli. Altb
observed they had all aborted, De Bary thinks it possible

i which the normal embryo-formation takes

place, which is hardly possible in the two species first named.
The budding process, in all three cases, consists in the forma-

tion of .i proi ;iU • vance on the under surface of the prothallus, from

which grow a first leaf, root, and stem-bud, as in the normal

embryo-fori aa relative position and date of de-

velopment varies. The protuberance is generally found just hark

of the sinus, where the fertilized archegonium normally occurs.

Variations were seen in which the first leaf grew from the upper

surface of the prothallus and, at times, two leaves were produced,

one on the upper and one on the lower surface. Secondary forma

may be produced upon elongations of the lateral lobes of the prothal-

lus. Some ot the more peculiar forms a r figured in the plate

which accompanies the article. In the three species under consid-

eration, as the normal reproduction by an embryonal growth has

been lost, and another, non-sexual form of reproduction has taken

its place, we may infer that they have descended from some

form in which the sexual mode of reproduction existed.

This is illustrated by the case of Asjudum Fills-hm*, var. wttt'i-

tvm which is undoubtedly derived from the typical A«j »<!'»»•

Ft'H.^-uuis, in which only sexual reproduction i< known. If, how-

ever, we adopt the view recently advanced by Pringsheim, that

ferns were originally composed of "Bionten," some of which were

sexual and some non-sexual, and which alternate, more or less reg-

ularly with one another, we must consider that, instead of having

acquired a new power, the ferns which reproduce by budding

represent a case of atavism.
De Bary gives the name of Apogamy to this sub-

some other form of reproduction in cases where the power of sex-

ual reproduction has been lost. This condition is found in all

parts of the vegetable kingdom, and occurs in single species, or

groups of species, whose nearest allies reproduce normally. Apog-
amy is of three kinds: Apogeny, where th< function f both nal<

and female organs is destroyed ; apogyny, loss of reproductive

power in the female, apandry, in the male organ.
Cham crinitu is a g I instance of apandry with parthenogen-

esis, that is, of regular embrvo-formation from an u

ovule. The female of this species is alone known in

Europe, yet it fruits abundantly. It has been studied by De
Bary in specimens artificially grown in his laboratory ;

and there i-

no doubt that here it is not a question of the partial suppression,

but of the total loss of the male organs. In ferns we have the

best instance of a substitution of a shoot for the normal -c\nal

growth. To the same category belong some of the mosses usually

called sterile, that is, destitute of capsular growths. In the

mosses, however, it is a question not yet settled whether there i-

a total loss or only a partial suppression of sexual reproduction.
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In Funkia and Allium fragrans, in the seeds in which Strass-

barger discovered adventive embryos, we have something similiar
to the apogamous ferns ; first, in the presence of apparently regu-
larly formed hut functionless female organs ; secondly, 'in the
presence of apparently active pollen, and thirdly, in the substit
tion of adventive embryos for the
Citrus and Coelebogyne, in which Stra
tive embryos, probably belong to the same class i

Ftmkla, as may, also, species like Euotiymt** b;t[fnUvs,
Ardisiw, etc., in which polyembryony often occurs. To thes
to be added the numerous species, varieties, and races of

I plants winch rarely produce seeds,
ndingly i'

'

by shoots. If, as seems tolera-

xual reproduction is requisite to the constant
propagation of species, we must regard apogamy a- a d"g.-ner.ife

condition, in which the conditions of propagation are unfavorable.
In this connection, however, we must not overlook the fact that
in -pecies with budding or non-sexual reproduction, this offspring
is produced in surpassing profusion. W. G. f.

^ 2. Todako, Relazionexulhi Culturo dvi Cotnni in It<dia.,H>-<pilt<i.

Monograph! <hi >;,., ... ,, ...<s
:
;r ini,i. Rome and Palermo,

Government, nt to its exhibition of
cotton at the Paris Exposition. In illustration of the species it

rivals the monograph .if th. 'ate I'-irlaioiv, though the atlas is not

/; >" large a scale; and the letter-press is much more elaborate.

;ea are given to the account of Italian cotton culture ; the
' of the volume to a monagraph of Ue.ssypium, and the

history of the genus. Prof. Todaro's views of the species, and of
the extent of the genus, may be gathered from the fact that he
'

s i-ibt-s fifty-two sp ies uid month is two other uncertain ones,
U!l, lt'r lour sections, that he includes Th>n-h ,-in under Euytwyp.
''/"'. and part of Fug,,*;., a- well as Stitrtia under other sections.

I', under the name of Gossypium Thurberi Tod., is asso-
( ''ated in a subsection, Anonnda, with a Javanese and an African
v

!

,t '!'-. which combine the habit of Cotton with narrow invol u-
•a'al bract-. Th-- nuihor. ia.h faiigable as he has been in compila-

ohsJure old

The X.itit't /'A/cV/'v a,) '' /"/, s ;/' tie Enij,.,} <t.it,_s in thtir

ileal, Horticultural, and Popular Aspects-, by Thomas Mke-
Professor of Vegetable Physiology to Pennsylvania Hoard
:riculture, etc. Vol I. Illustrated by chromolithographs,
n: Prang & Co., 1878. 192 pp., plates 1-48.—The first

tc of this work being now completed .and the second doiibt-

i progress according to the programme, the success of the
undertaking apparently \varrantinir further continuatioii.it
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of the work (in vol. xv, p. 72 of this Journal) with a remark or

two upon the completed volume. While congratulating tin

;•-
: 1 1 1 1 1 tin' ardent editor upon their success,

which ensures a full continuance of the publication, we shall, on

this very account, freely offer any criticisms that may conduce to

its improvement. "Flowers and Ferns in their horticultural and
popular aspects" do not here concern us. We dismiss their con-

sideration to the horticultural and the literary press. There is

much to interest both, and the plates will interest and satisfy

amateurs generally, and more critical botanists not rarely. But
the botanical aspects are sometimes taken from a rather high

point of view, and the same may be said of some of the botanico-

J<al researches. While most may pass without grave

dissent, there are morphological and etymological statements

which we would be sorry to have set down as specimens of

American culture. The morphological and other botanical

points to which exception should be taken may pass with this

simple caveat, as we have no room to discuss them, and to botan-

ists whom we address there is little need. But there are two bits

•gy in one number (the sixth) which it would be wrong
to pass over, being very characteristic for a tendency to be " wise

above what is written."

Sethim has by long prescription been thought to be derived

from >Sedeo, sednre, to sit, as on rocks. The editor of the work in

hand devotes nearly two pages mainly to the reconsideration of

this que-tio i. and comes to tht eouclus'e u that sedo, to assauge, is

the root of the name, Linnaeus and the rest to the contrary not-

withstanding. To be sure " the name is a very old one and was

>pted by Linnaeus, " who may be all wrong in philology.

Still we botanists are not likely to know much better. Tourne-

fort had indeed given his readers the choice of these two deriva-

tions ; but he did not decide the question. Prof. Meehan decides

for ,sv</.,. ;l ,i 1 .-ontirms the opinion by the statement that the e in

Sedum is long. But the Latin dictionaries agree that it is short.

Li'iiniiutlienixni is thought a badlv named genus because its spe-

cies -row in water rather than in mud or marsh. But the classical

meaning of the first member of the word is a pool of standing war.-r

and a marshy lake. If "it is properly an aquatic," we should

think it properly named. But "our species was named L. lacuno-

*>',>, from the Latin lacus, a lake, by Grisebach, author of a Flora

of the West Indies, from its a.tua pin o! growth, and it might
be supposed as a corrective of its generic name. But there are in

other countries more species that grow in lakes, so we see there is

nothing dist:
, and those therefore who might

infer it to be so would be led into serious error." The danger of

supposing that the name of a species founded on ir< place of

growth indicate- that it is tfU - only species in such places, is "of

imminent. And only the very few can " be led into serious error

here who have first adopted the notion that l,-f>m<>s»ui (full "*

hK-itutp or pits, as in the lower face of the leaf) is an adjective of
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5. Der Zoologische Anzeiger, of J. V. Carus.—The recent
}»ii1.!ic:iti...]i of tie- Z..: i,,-i.-;tl Record for 1876, of the Bericht of
Leuekart for the years 1872-75 and of the first numbers of the
Xn.-lo-'ische Anzeiger by Carus, naturally surest- an examination
of our methods for reeordino progress *in Zoology. AW- cannot
expect either the Jalm-l. ri.

:
• which have for so long a time

formed one of the annual volumes of the Archiv far Naturge-
schichte, or Hofman and Schwalbe's Jahresberichte, or the Zoolog-
ical Record to appear early enough to be of immediate use to
specialists in the course of their investigations. These reports

date back so long that they can only be an indispens-
able compendium h>i Me _. ,i< . 1 worker who ui-h< - to take up a

M -<< ! ,-,l subject or see what has been done in the general field.
soine of the recorders have limited their task to a strict analysis

of the publications issued within the time included in their record,
while others have added to this a running commentary and a more
or less favorable criticism. This seems somewhat superfluous, for
\ve e; lu scarcely expect any thing beyond the most limited "notice"
in the space at the command of the recorders. In a review of
the last Zoological Record in a late number of -Nature" the
'''•''"r.ler-. an ah taken to t-.^k fm- wn giving greater prominence
to Wallace's "Geographical Distribution." What any recorder
can find to say in the space at his disposal, which the zoological stu-
dent has not found out long ago from the work itself, it is difficult
to see. And certainly the writer of the notice in Nature hardlv

btai: their H.-m information of its publi-
<"iti..n from the pages of the Zoological Record. The great diffi-

culty under which we all labor is to obtain early information of
the articles appealing in the publications of learned societies.

These are now so numerous that the majority of our public insti-

tutions receive but a small proportion of what is annually pub-
lished, and what they do receive is issued irregularly and is gener-
ally from six to eighteen e, accord

• of pnbli— : -
distance from the point of publication. The question

irises : cannot a system be devised by which zoologists
be able to receive by mail earlv notice ..f all that is goinir <

sea : cannot a system be devised by which s

1

le to receive by mail earlv notice of all that is got

a! 1 tin :n to m ik. >]>< i ! > ttbrts to obtain what they
desire? The Zoologische Anzeiger of Carus s

1 meet the case. If working uMurali-rs will agree to send
"ofessor Ca
s printed, giving i

ofessor Carus the title of any paper they publish, the moment
"LB printed, giving in a few words also the table of contents and
tlb !l ^u.il d 'tails regarding the number of pagei

-
'

'' " .- '

'>•'• :" '

:

« going on in /,, ,,_\ u . .\ il i , II. - d< 1 tv. And if lV>h—or
(

: "'ik could he induced to print the titles on one side of the page,
these titles could then be cut up and arranged systematically or

sMv or both, and no one n-ed remain l-lntr in ignorance
ol what is doinir bj others. fhis w.mld probabb
giving up the literary notices, i U it with the larg<
zooj, „_,.;,.

:V |

j

ni^ (>( ii {
.

;l i s \,mv jssll0 ,i it would not less*
oi the Anzeiger.
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6. Note on Borings of a Sponge in Italian Marhle ; by A. E.

Ykukill.—Some very interesting specimens were recently pre-

sented to the Peabody Museum of Yale College, by Dr. I. P.

Trimble, of New York. These are fragments of white Italian

marble, from a cargo wrecked off Long Island in 1871, and taken

up this year. The exposed portions of the slabs are thoroughly
penetrated to the depth of one to two inches by the crooked and
irregular borings or galeries of the sponge, Cliona sulphured V.,

so as to reduce it to a complete honey-comb, readily crumbling in

the fingers. Beyond the borings the marble is perfectly sound
and unalterd. The rapid destruction of the shells of oysters, etc.,

by the borings of this sponge has long been familiar to me,* but

of its effects upon marble or limestone I have not before seen

examples, for calcareous rocks do not occur along the portion of

our coast which it inhabits. Its ability to rapidly destroy such

rocks might have a practical bearing in case of submarine struc-

tures of limestone or other similar materials.

7. Ophiu.nthr and Ast,-»rhiftidcB of the Challenger Expedition,

Part I. By Theodore Lyman. Bulletin of the Museum of

Comp. Zoology, vol. v, No. 7. Cambridge. 104 pp. 8vo. 10

plates.—In this important contribution thirteen new genera and
ninety-six new species are added to those families included in this

part. This shows, very conclusively, that the Ophiuroids, as a

group, are largely deep-water forms. The new species are well

illustrated and described at length. The new genera are Ophio-

mastus, Ophionyrgn*. Op/u •>,-,;nus, Ophiotrochits, Ophiophyllum,
Ophiobyrsa, Ophiochiton, Ophiocan>a.>\ Ophiosciasma, <>pht<>-

geron, each with one species ; Ophioplinthus, Ophiopyren, and

Ophiolebes, each with two species. Of known genera, there are

described of Ophiorte,,, 4 sp-des; Ophioglt/pha, 35 ;
Ojddomu-

sium, 12; Ophioceramis, 1 ; Ophiozona,4:; Ophioscolex 2. v.

8. Synnj^;* ,,,' :, P ;-., ,./ ',;,!.,,,/ \, ,< /•'„ ,bi ,d ; >>\ K;>mi m>

B. Wilson, Trans. Connecticut Academy of Arts and Sciences,

vol. v, Aug. 1878. 26 pp. 8vo, 7 plates.—The North American
Pycnogonida have hitherto received very little attention. In this

paper fourteen New England species are described, of which five

are new. Of the remainder, six are Greenlandic and North Euro-

pean species, and three were described by Dr. Wm. Stimpson from

the Bay of Fundy. The genera represented are as follows :
Pymo-

gonurn, 1 species ; Tanystyhim, 1 ; Achelia, 1 ; Pseudopallene, 2

;

Pallene, 1 ; PhoxichiUd) *>,'„. 2 . \ / ,'./ > i<, l hh-tylus, 1 ;
Ammotnea, 1;

Nympthon, 4. The species are all illustrated. r-

U. Proceedings of the United States National Musenm. 1*7 S
-

Yol. I. 8vo. Washington, D. C—We have received the first

>cv.,n signatures of this new serial, which, in general character,

resembles tin Proceedings of th< various learned societies, md
contains both brief and somewhat lengthy articles on a variety of

zoological subjects. Among the articles are several by Mr. W.

* See Report on Invertebrate Animals of Vineyard Sound and adjacent waters,

a of Fish and Fisheries, 1873, p. 421.
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H. Dall, on shells, recent and fossil, mostly of the Pacific coast
;

several by Mr. G. Brown Goode, andT. H. Bean on Fishes, includ-
ing a number of additions to the United States fauna ; one on the
fishes from the Clackamas River, Oregon, by D. S. Jordan ; on the
birds of Dominica, by G. N. Lawrence ; a review of the 1

10. Report < » tl«; ][,/,/,-;,;./,/ roll* <>t<:<! Jofi/irj the exploration of
tl; <r,tlf Stream, by L. F. De Pourtales ; by Geo. J. Allmast.

the Mus. of Comp. Zoology. Vol. V, No. 2. 66 pp.
4to, with 34 lithographic plates.—In this work a large number of
very interesting new genera and species are described and pro-

rated. The total number of species is seventy-one, of

i 'in- a iv described as new, the remaining seven being
...in or arctic species. The Plu-

i! t ii'-s than fifty fathoms; thirteen between fifty and one hundred
tttnoms; sixteen between one hundred and two hundred; eight
between two hundred and four hundred; and four between four
hundred and six hundred fathoms. v.

V. Miscellaneous Scientific Intelligence.

-v. \N i;ki;\. Major of Engineers. 232 pp. 8vo, with many maps.
V^hmgton, 1878.—This^Report, after a prefatory chapter on

and nature of the investigation of which it treats,
gives, in Chapter II, a general account of the Mississippi and
Minnesota.River A dlev- with map*. i!lu>t ratine; th. former drain-
-• of Lake Winnipeg southward through these valleys ; and in
!'"' -ollowii!^ chapters, various detail.- connected with the sub-

_"U the river. The larger part of Chapter II, which
J>as great geological interest, will be reproduced in another num-
ber of this Journal, together with the maps which relate to it.

2. Report of the Survey of the Connecticut River, made to
the Secretary of War, by Brevet Maj. General G. K. Warren.

J,
PP- 8vo. 1878.—Tliis vuluai.h- ['-iment consists mainly of

of General Theodore G. Ellis, who had charge of the

General Warren. General Warren, in his prelimi-

•t;K observe that the v. locitv observations made in

uipsonville 1,434) con-

foreys and Abbott (given in their
;

, as to the parabolic
torm of the curve of subsume velocities. The maximum dis-

I

a wid Abbot
formula and the observations is u,,h sevcii-hundredths of afoot

.

^eeond. The observations are "given in detail in General
" i, which follows ; and as they were made with great

I'
1 '!- seenn,

uii>\ n
,
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care, and without prejudice in favor of the conclusion reached,

they are of the highest importance in the department of hydraulics.

General Ellis also gives the observations made with reference to

the monthly and annual discharge of the Connecticut. These
observation's were carried forward at Hartford, which, although

over forty miles from Long Island Sound, is reached by the tides,

the amount of tide at the lowest water being about ten inches in

range. This discharge for the year 1876 and 1877 was as follows:

1876. 1877.

Millions of cubic feet. Millions of cubic feet.

January 79,956 17,500

February. 64,400 18,491

March 93,866 95,253

April 160,756 110,247

May 155,521 45,374

July 22*016 25,475

August... 16,674 22,146

September 17,186 18,089

October 16,930 31,772

November 20,822 75,825

December ... 17,156 46,382

700,291 516,261

The highest known freshet on the Connecticut below Holyoke

is stated to have occurred in May, 1854, when the water at

Hart lord uauge stood twenty-nine feet ten inches above low-

water mark. The next highest on record—that of I so I—earned

The report contains also t hmiIn thorium < u'tln Connecti

cut River Channel at Hartford and to the north up to twenty-tive

miles. At Hartford and two-thirds of a mile north the depttJ

reached was fifty feet below low water and in the latter ;-

" hard red marl " was struck ; at a point 1*56 miles north of Hart-

ford, a boring of 90 feet ended in clay ; 2-39 miles north, one of

123-4 feet reached, probably, rock; at 3-37 miles north, rock was

reached in 2 PI 1 feet ; and at -Pi miles north, rock was reached m
34-8 feet,

3. Translation of WeisbacWs Mechanics.—The second part of

Vol. II of this translation b v Professor DuKois (svo. v \

pp.), contains a nil diseu<sn>n of the important subjects of Heat,

Steam and Steam Engines. The first part <>n (p.-iraulies and Hy-

draulic Motors appeared about a year ago (this Journal, xy, 78).

Numerous additions to the original work have been made in the

form of notes. These are laruvh 1,\ Mr. Kiel ard li. Ibiel, and are

given in order to complete the work in those directions m wine-

there has been recent progress, and to adapt it more fully to

American practice.

The third and final volume of Professor Weisbach's great work

is now undergoing uior-ii-l, re'- i-i-.n in Germany by Professor

Hermann, and its" translation will be issued by the publishers
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(Wiley & Sons) about the time of the completion of the German

4. Report of the Superintendent of the Coast Survey, showing
thr progress of the Survey during the year 1875. 412 pp. 4to,
with thirty charts.—Among the twenty Appendices may be men-
tioned

: Report on Mount Saint Elias, Alaska, by Wrm II. Da 11;

No. 11, Report on recent observations at South Pass Bar, Missis-
sippi River; Discussion of Tides in New York Harbor, by Wm.
Ferrel; Report on the Transit of Venus Expedition to Japan,
1874, by George Davidson; Report on the Transit ...t' Venus ex-
pedition to Chatham Island, 1874, by Edwin Smith; Terrestrial
Magnetism, Instructions for magnetical observations, by C. A.
Schott.

5. Eleventh Annual Report of the Trustees of the Peabody
Museum of American Archmology and Ethnology. Presented to
the President and Fellows of Harvard College,' September, 1872.
Vol. II, No. 2. 458 pp. 8vo. Cambridge, 1878.—This Report
t'ontains -everal memoirs of special value. The first is a Second
Report by C. C. Abbot, on the " implements found in the Glacial
ibif't ut" New Jersey, occupying over 30 pages. This is followed
by others on Cave Dwellings in Utah, Manufacture of soapstone
pots by the Indians of New England, Archaeological explorations
in Tennessee, and other papers of great interest.

6. A History of the Growth of th, Stf, t „, Engine ; by R. H.
Thurston, A.M., C.E. 490 pp. 8vo. New York, 1878. (D.
Ap|.l.i..n .V ('„., International Science Series.)—A thoroughly
readable and instructive discussion of a most interesting subject.
The concluding chapter on the "Philosophy of the Steam Engine"
gives a concise statement of an important branch of thermody-
namics in accordance with modern principles.

7. Element':,,i Quuntitatire Anah/sis ; bv Alexander Clas-
sen, Professor in the iloval Polvtec'hnic School. Aix la Chapelle.
Translated with additions" bv EnVvi: F. *muu. A.M., Ph.D. 328
PP. 8vo. Philadelphia, 1878. (Henry C. Lea.)— In this work
the methods of separation required in quantitative analysis are
taught by means of examples. The directions for the successive
steps n, each analysis are given with care and minuteness, and will
be found of great value to the student.

. \7'" Americtu Quartu-ly M"'•ro*<;>
{

>i> >>/ Jon,-,, ,,l. c<„<tui„i„y
the Transactions of tin Xe»' York Mirr<.^or i,;i! Strict,/. Vol.

J,

No. I. 82 pp. 8vo.—The first number of this new scientific

Quarterly, issued under the auspices of the New York Microscop-
'

'' x
<• ety, bears throughout evidence that the Journal will be a

valuable record of new discoveries, memoirs, and works in the
^'H'liee to which it is devoted. It contains papers bv J. D. Hyatt,
I- L. SMIru, F. \\. Il-XK, W. II. SKAMAN, YV. T. V>Kf.FIKU,. \V.
•;"onv, N

, K. Fku, ,val Wkiohl. beetles miscellaneous notices and
reviews, and is illustrated by seven excellent plates. We com-

•' .nial strongly to all who are interested in scientific
discovery and progress. A very large part of this progress in
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.'ertiaires prepares par ton andre
l Carte G-eologiqne de la Belgique.

BLON, Conservtiteur au Musee d'Hist Nat. Tome II

Terrrains Tertiaires, Premiere Patrie. 440 pp., 8vo. Bruxelles, 1878.

Belt had been for some time past actively at work in Colorado,

looking after the mining interests of some English company.
During the same time he has made some interesting notes of the

Drift of that State, and in a letter to the writer in August, he

informed him of the discovery of a skull of a human being in the

Drift, the details of which he was engaged in studying and work-

ing out. He was engaged in preparing a paper to be presented

to the American Association at the St. Louis meeting, on the

subject of the above-named skull, but did not complete hie study

in time. He has written many valuable papers on geology,

"The Naturali-f in Nicaragua," continued the result of his obser-

vations of over two years in that country. One of his papers is

on the retrocession of Niagara Falls.

About two weeks previous to his death he had shown signs of

insanity, and it was thought hest to remove him to New York.

Mr. Silas Lloyd, who had been for a short time associated «itii

him, accompanied him. Just before arriving at Kansas City, Mr.

Lloyd had occasion to leave him for a few minutes. On returning,

he found the door locked. Mr. Belt refused to let him in, and

commenced a furious onslaught on furniture and car. Parties

crawled through the broken windows and succeeded in pacifying

him. Getting him off the train, he was prevailed upon to drink a

glass of milk, and about twenty minutes afterward he died.

G. C. BROADHEAD.
Dr. E. v. Asten; M. E. Quetelet; Thomas Grubb. —Astron-

omy has recently lost several able men by death. One of i

irbir of Eneke's comet since Professor Encke's death. He
died August loth, at Kiel, aged 36. Another loss is that of

M. K. n-a. relet ,„, the .;th of S-pi.. at Ixelles at the age of 53.

He was assistant at the Brussels Observatory for more than

twenty years, the direction of which practically fell on him. One

of his man\ -ions to science was on the proper

motions of certain stars. Mr. Thomas Grubb, the maker of the

large Melbourne reflect* - other large reflectors

and refractors, died Sept. 19. in r e :- ;

; vear of his age.

Dr. August Heinrich Peterman.—Dr. A. H. Peterman v the

learned geographer, and editor or the - Mittheilungen/" died at

Gotha, Germany, on the 27th of Se > - < >f fifty-six.



APPENDIX.

Art. XLIV.

—

P, American Jurassic
Dinosaurs ; by Professor 0. C. Marsh.

Part I. With seven Plates.

On the flanks of the Bocky Mountains, a narrow belt of
strata can be traced for several hundred miles, marked always
by the bones of gigantic Dinosaurs. Its position is above the
characteristic red Triassic beds, and immediately below the hard
sandstone of the Dakota group. Hayden, Cope and others have
regarded this horizon as Cretaceous, but the abundant verte-
brate remains now known from it prove its Jurassic age
beyond a reasonable doubt. The writer examined a typical
outcrop of this series, on the western slope of the mountains in

Wyoming, in 1868, and determined it to be Jurassic; and he
tly named the series the Atlantosaurus beds, from the

iking vertebrates they contain. The strata consist
mainly of estuary deposits of shale and sandstone, and the hori-
zon is clearly upper Jurassic, as shown in the accoi
section (Plate It.)*

Besides the Dinosaurs, which are especially abundant, num-
murus\ as well as Tortoises

ffl (Ceratodus), have been found, and with them a single

ntanus).j- The small Marsupial

priscm) recentlv described bv the writer was dis-
covered in the same beds.f
Tne remain^ of l>;.>»*nn ;„ in this series of strata are mostlv

of enormous size, and indicate by far the largest land animals

discovered. Atlantosaurus immanis must have been
.h, and several others nearly

it in bulk. With these monsters occur the most
Dinosaurs yet found, one of them {Nanosaurus)

being about as large as a cat. The herbivorous Dinosaurs now
known from these beds are of special interest, and represent

act groups, the more important characters of which
are given in the present article.

--•• - ' '•
-Vertebrate Life i:

t £his Journal, voi. xv, p. 233, Sept.,
t This Journal, vol. xv, p. 4)2, June, 1
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Sauropoda.

A well marked group of gigantic Dinosaurs from the above
horizon has been characterized by the writer as a distinct

family, A tlantosaundce, but they differ so widely from typical

IHnosauria, that they belong rather in a suborder, which may
be called Sauropoda, from the general character of the feet.

They are the least specialized of the order, and in some charac-

ters show such approach to the Mesozoic Crocodiles, as to sug-

gest a common ancestry at no very remote period.

The most marked characters of' this group are as follows:

1. The fore and hind limbs are nearly equal in size.

2. The carpal and tarsal bones are distinct.

3. The feet are plantigrade, with five toes on each foot.

4. The precaudal vertebras contain large cavities, apparently

pneumatic.
5. The neural arches are united to the centra by suture.

6. The sacral vertebrae do not exceed four, and each supports

7. The chevrons have free articuh

8. The pubes unite in front by ventral symphysis.
9. The third trochanter is rudimentary or wanting.

10. The limb bones are without medullary cavities.

Of this sttbo h;-. 8a ooda, four genera are well repre-

sented in the Museum of Yale College, and others, apparently

closely allied, are indicated by remains from this country and

Europe described by various authors. The genera Atlanta*

saurus, (Titanosaurus)* Apatosaurus and Morosaurus, have

already been described by the writer, and with the new genus

Diplodocus, defined below, are the most characteristic Ameri-

can representatives of this group. Of these, Morosaurus is

known from a large number of individuals, including one

nearly complete skeleton, and hence, in the present communi-

cation, this genus will be mainly used to illustrate the group.

Morosaurus, Marsh, 1878.

The head in this genus was very small. The skull shows in

its fixed quadrates and some other features a resemblance to

that in the Crocodiles. The rami of the lower jaw are not

united by symphysis. The teeth are numerous, and their gen-

eral form is shown in Plate V, figures 1 and 2. The neck was

elongated, and, except the atlas, all the cervical vertebras have

leei. cuvitie, in the sides of the centra, similar to those in birds

of flight (Plate V, figures 3 and 5). Thev are also strongly

opisthoccelous. The atlas and axis are not ankylosed together

and the elements of the atlas are distinct. Tlie supero-lateral

pieces unite with the axis by zygapophyses, (Plate V, figure 4, z).

* This Journal, xiy, pp. 87, 514 ; xv, pp. 241.
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The dorsal vertebras have elongated neural spines, and deep
cavities in the sides. They are dis aa There
are four vertebras in the sacrum, all with cavities in the centra.

is verse processes are vertical plates, with expanded
ends. The anterior caudal vertebras are plano-concave, and
nearly or quite solid. The tail was elongated, and the chevrons
are similar to those in Crocodiles.
The scapula is elongated and very large, and has a prominent

anterior projection. The coracoid is small, suboval in outline.

and has the usual foramen near its upper border. These two
bones are well represented in Plate VI, nearlv in the relative

position in which they were found. The humerus is verv
large and massive, and its radial crest prominent. This bone
is nearly solid, and its ends were rough, and well covered with
cartilage. This is true also of all the large limb bones in this

genus. The radius and ulna are nearly equal in size. The
carpal bones are separate, and quite short. The five metacar-
pals are short and stout, and the first is the largest. The toes

sk, and the ungual phalanges were evidently covered
with hoofs. In Plate VII, figure 1, the restoration of the
scapular arch and entire fore limb of one species of Morosaun.is,
well illustrates this part of the skeleton.
The pelvic bones are distinct from each other, and from the

sacrum. The ilium is short and massive, and shows on its

inner side onlv slight indications of its attachment to the
>arnirn. More than half of the acetabulum is formed by the
'hum. which sends down in front a strong process for union

ibis, and a smaller one behind to join the ischium
(Plate VIII, figure 1, a and b). The acetabulum is completed
below by the pubis and ischium. The pubis is large and
stout, and projects forward and downward, uniting with its

fellow on the median line in a strong ventral symphysis. Its

>!!>['<•[' posterior margin meets the i.-chium. and contains a large
foramen.

i
•- downward and backward, and

r

Ul -Vorosinu-x.i its distal end is not expanded for a symphysis.
The relative position and general form of the three pelvic
bones in this genus are shown in Plate X, figure 3.

The femur is long and massive, and without a true third

^'"(hantt r. although a rm-'ositv mark- its position. The -reat

trochanter is obtuse, and placed below the head. The ridge
A '';'•'" plays h« tween the tibia and libula is distinct. The tibia

mur. It is without a spine or fibular ridge,
"'

' 1K listal end >hows that th a-ti gtlus vas separated from
u uy '" cushion of cartilage. The fibula is stout, its two extremi-
ti'.-s inMrl\ equal, and its di>tal end supports the calcaneum. The
wo tarsal bones of the second row are short, and the five well-
''^'''y

1 digits are similar to tho-v ii the maims. The first

metatarsal is much the largest. (Plate VII, figure 2.)
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readily be distinguished

from those already described by its short, helmet-shaped, ilium,

which is represented in Plate VIII, figures 1 and 2.

One species of this genus. M,„-n„ni,ii> <jrandis*'m now known
by a nearly complete skeleton, and the remains here figured are

mainly portions of this individual. They were found together

in nearly as perfect preservation as in life, and many of them

were in their natural position. The locality was in Wyoming,
and the bones were taken out with great care by Mr. S. W.
Williston of the Yale Museum.

This animal when alive was about forty feet in length. It

walked on all four feet, and in many other respects was very

unlike the typical Dinosaur. It must have been very sluggish

in all its movements. Its brain was proportionately smaller

than in any known vertebrate.

Diplodocus longus, gen. et sp. nov.

This genus includes some Dinosaurs of very large size, and

herbivorous in habit. It may be distinguished from the genera

already known by the caudal vertebrae, which are elongated,

deeply excavated below, and have double chevrons, with both

anterior and posterior rami. (Plate VIII, figures 3 and 4). To
the last character, the generic name refers. The tibia, also, is a

very characteristic bone, as it is deeply grooved above to receive

the fibula. The feet in this genus are very similar to those of

Morosaurus, shown in Plate VII.
The present species is based upon one posterior limb, and the

tail, of a single individual. The limb, as extended before

removal, measured from the head of the femur to the end of

the toes over thirteen feet (44M). The femur was 1646m11 in

length, and the tibia 1090mra . Four of the median ca

tebras measured together thirtv-four inches (760
mm

). The first

of these, or the fourteenth in the series, was eight and one-half

inches {217^) long, and five and one-half inches (140
mm

)
across

the anterior end.

The peculiar chevron represented in Plate VIII, figure 8, was

found attached to the eleventh caudal, and all the I

chevrons observed were of this character. Figure 4

i found at another locality, and perhaps belonging to

. .ill! !•[ifferent i
The above remains indicate a rept

They were found in the upper Jur
orado, in 1877, by Mr. S. W. Willis

* This species, when described by the write
genus Apatosawns. This Journal, vol. xiv, p.
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Laosaurus Marsh, 1878.

Another well marked group of herbivorous Dinosaurs, mostly
of small size, occur in the same deposits with the gigantic forms
above described. These belong to a separate suborder, and
among the typical OrnithosceKda, as defined by Huxley. They
belong also to the Iguanodontidce, and most nearly resemble
the genus Hypsilophodon, from the Wealden of England.
All the specimens known from the Atlantosaurus beds appear
to come under the genus Ltm^n ,<-, -i-\ -: .-

i -oecies of which
bave already been found, represented by numerous individuals.
One of the species hitherto undescribed may be called Laosau-
'*'-<* altu*, and its remains, with those of the smaller Laosaurv.-i

celer* are here used to define the characters of the genus.

been made out. resem ' m. The teeth, also,

are very similar (Plate IX. figures 2 and 3.) The rami of the
lower jaw are edentulous in front, and apparently were not
united by symphysis. The dorsal and caudal vertebras have their

extremities nearly plane, and the neural arches are united to the
centra by suture. The chevrons have their articular ends joined
together, as in Iguanoclon and most Dinosaurs.

(

The fore limbs were quite small, less than half as long as the

-. and evidently were not much used in locomotion.
The humerus is slender, and considerably curved. The radius
and ulna are nearly of the same size. In this species, the

1 ncr 190mm long, and the radius 150.
The bones of the pelvis are distinct. The outline of the ilium

i> not known, but the pubes and ischia of several individuals
have been determined, and prove of great interest. The pubis
f< trma the anteroinferior part of the acetabulum, and the ischium
completes the lower portion. The pubis extends downward and
i'JAai'ii in tnn t. and t<uuiinat<- in a hi.' ,.; v-itii.a*' iree extrem-
ity. It unites with the ischium below the acetabulum, and sends

backward and downward a Ion- slender ramus, which is clearly

homologous with the so-called pubic bone in birds (Plate X, fig-

ure 2). There is a large foramen near the ischiadic margin.
This foramen is closed behind by suture only, and in some speci-

mens becomes a notch. The posterior, rodlike, ramus ossifies

horn an independent center, and. to distinguish it from the true

reptilian pubis in front, may be called the post-pubic bone. A
..f the thr. e pelve- ivprr- ued '"j-

; i. i' in Plate X
[Il'y* i<>r>u\. L<t'>-<iu,"j> and Morosaurus), will make clear the

nitiinato relation existing between the pubic bones of Birds and

Dmosaurian reptiles.f If this series be extended by adding

' This Journal, xv, 244,
[After these figures wen

(Journal Geological

- Jour. Scr.—Third 8
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the pelves of some existing birds (for example Geococc//.r), and

of a few other reptiles, it will become still more evident that

the bone called "pubis" in a bird, is a different bone from the

pubis of a crocodile. The ischium in Laosaurus is a slender

bone, extending backward parallel with the post-pubic. It has

a distinct obturator process, which laps over the latter bone.

The limb bones in this genus have a distinct medullary

cavity. The femur has a prominent great trochanter, the

extremity of which is separated from the neck by a fissure.

The third trochanter is long, and curved outward. The tibia

slightly exceeds the femur in length, the proportions in Lao-

Uus being 393 to 360mm (Pla

fibula is slender, and the distal smaller than the proximal end.

The astragalus is distinct from the tibia, and the calcaneum

supports the fibula. There are but two tarsals in the second

row. There are three well developed digits in the pes (II, III

and IV). The outer, or fifth, is wanting, and the first, or

hallux, is represented only by a remnant of the metatarsal.

The phalanges are rather short, and the ungual ones are

pointed. (Plate IX, figure 3.)

The remains of this genus at present known are all from the

Atlantosaurus beds of Colorado and Wyoming. Those here

described were found in Wyoming by Mr. S. W. Williston.

They represent an animal of slender proportions, and about

ten feet in length.

Tale College, New Haven, October, 1818.
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Figure 1.—Toot .. 1/ -" - ,lS Marsh
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side view.
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Figure :;.—Chovrou of I'iphxlocus longus Marsh
articular surfaces ; b. anterior process ; c. poste
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Figure 2.—Pelvis of Laosuunis attic* Marsh: seen from the left, one-sixth

Fiji-uro —IN . - • Mmosaurus grandis Marsh ; seen from the left, one-six-
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Art. L.— Valley of the Minnesota River and of the M
River to the junction of the Ohio: its origin considered; by
G-en. Gr. K. Warren, Major of Engineers. With Diagrams
A, B, 0, C, D, E, P and G (making plates 11 to 18 of the

Definition of the term "valley" prominent natural features and
length.—The valley to be considered is the part included between
the high banks, commonly called bluffs. Whenever it becomes
necessary in this article to refer to the whole area drained by
the river, the word basin will be used to designate it.

Between these high banks the greater portion is subject to

overflow at time of floods, forming what is sometime? a

the distinction between the

The Mississippi River in its usually navigated parts touches
only here and there at places exempt from flood-waters, and
these are natural landings for steamboats and sites for towns.
In course of time the convenience of the people living there
makes them desirable locations for bridges. It is very rare,

however, that both banks of the river are above submergence

;

where one bank is, the opposite one is generally low, and cov-
ered many feet deep at extreme high-water, making it difficult
to construct bridges sufficiently elevated l r st-.-amboats to pass

The distance along the general course of this valley from St.

Louis to St. Paul is about 620 miles, but steam boatmen, by the
course they take along the navigable channels, make the distance
Am. Jour. Sct.-Third Series, Vol. XVI, No. 96.-DEC, 1878.
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about 800 miles. This was the only part specified in the law-

authorizing this investigation, but it was necessary in order to

present the subject itself properly to include the whole distance

from the mouth of the Minnesota to the Ohio; this is an extent

of about 760 miles along the general course of this valley, and
we have prepared a map of it in twenty-two sheets on a scale

of two inches to a mile. The manner in which this is done is

described in Chapter VI of this report,

General map and profile preparedfor publication.—Although we
have, in constructing the map, exhausted all means of obtain-

ing knowledge in regard to this part of the Mississippi Valley,

there are some parts of it too little determined to make its pub-

lication as a whole, advisable, and therefore we have only pre-

pared for publication the index map of those twenty-two sheets,

on a scale of six miles to an inch, (if photo litlio^ -;ij 1ml it

may vary from this scale.) Here, again, generalizations have

led us to make this index map include the Minnesota River

Valley. That valley, under another clause of the law, was also

made a part of my investigation, and a map in twenty sheets on

a scale of two inches to the mile was made for it. The map
submitted for publication is also an index map to those Minne-

sota Valley sheets now on file at Engineer headquarters in

Washington. We have also extended this general map south-

ward so as to include overflowed land as far as the northern

part of Arkansas, and northward to include a part of the basin

of the Red River of the North. It is designated as Diagram 1,

The two systems of the United States land surveys, one on

each side of the river, are so checked upon each other in its

and by special surveys by ourselves, that the val-

val 1 scale is probably as c<

whole of the flood-plain if

lines, except the principal lakes and i

shaded with heavy lines. The alluvial terraces above overflow

are shaded with dots. The high banks or bluffs a:

shading. On sheet five there are some overflowed lands that

are above the Mississippi tU>ds. which have special shading.

In order to complete a presentation of the Mississippi flood-

plain to the Gulf of Mexico, the page Diagram A is added,

reduced from Plate II of the report of Humphreys and Abbot
on the physics and hydraulics of the Mississippi. ....

General considerations as to the formation of the Mi.^-^ippi

Valley have caused me to present also the page Di

showin- r he Mississippi basin as it is, and extending norr' w;>r<t

to include the Lake Winn- -lco h.-win it'., the ancient ext*Misi<»!

of the lake southward and outflow through the valley of the

Minnesota and Mississippi Rivers.
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Profiles preparedfor publication.—Accompanying this chapter
are two sheets of longitudinal profiles of the valley from the
jun ction of the Minnesota River to the junction of the Ohio.
The horizontal scale is about eight miles to an inch, and the
vei th;i [ 200 feet to an inch, reduced in publication. The datum
is the sea-level according to the best determinations, and both
sides of th • vallev are -rivey side bv side. The parts of the
banks above low-water are shaded to indicate the strata of dif-

ferent geological periods, but it must be borne in mind that
this low-water line does not represent the low-water slope of

ing river, but is drawn from point to point along the
general course of the valley, so as to bring the rocks into their
proper relative positions. These longitudinal profiles are desig-
nated as Diagram 2, in two sheets.

Another sheet, designated as Diagram 3, gives twenty trans-
verse valley sections, on a larger scale than the profiles: three
of them on tin- Mi ,-- >t , \

'

•

- - 3
s

- r
,

r Mi— issippi, above
ton with the Minnesota ; fourteen of them in the valley

between the Minnesota and the Ohio ; one at the mouth of the
Missouri River, and one at the mouth of the Illinois River.
These -

Ige of the depth of the bed-rock, and will be described
in detail in t - chapter.

We are mainlv indebted for the geological data in these pro-
files and sections to the report of David Dale Owen, October,
1851, on the Geological Survey of Wisconsin, Iowa and Minne-
sota

; to the report on the Geological Survey of Iowa, by Prof.
James Hall, Prof. J. D. VVhitnev and Mr. A. H. Worthen, pub-
lished in 1858, and the report of Mr. A. H. Worthen, director
of the Geological >nvvvy oi Illinois, published in 1866.

Method of treating question of depth of bed-rock.—The question
of depth of the bed-rock beneath the sand that usually forms
the bed of the river will occupy the remainder of this chapter.

In presenting my ideas in regard to it, I have thought the
best order ii *nge them would be that in which
they arose in the progress of the investigation. It was from
the first obvious that means and time would not allow of my
covering such an extended field by actual borings, and that the
most that could be done was to draw such probable inferences
as could be done by a study of the rocks visible in the bluffs

and by an effort to comprehend the manner in which the valley
was formed.
The consideration of the anomaly presented by Lake Pepin

l.i iginth. course of the river, md said to have a depth of sixty
feet near its lower end, was the beginning of this effort. If the

this portion had once been all of this depth, and since

filled in, then the bed-rock could not be less than sixty feet
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below the water surface. Explanations of the cause of this

lake had been attempted by Long and by Feathers
which did not seem to me satisfactory.

Explanation of the cause ofLai r <<ihes.—The
results of the levelings on the Minnesota and Mississippi Rivers

made by me showed that just below the entrance of any consid-

erable affluent there was an accumulation of deposit in the main
stream brought by the tributary; that over this deposit the

slope of the water was greater than the average slope, and that

it was shoal gation; that just above the afflu-

ent the slope was less than the average, and the water deeper.

So far, this was in accordance with conditions which generally

exist in rivers, and might be so even where the main stream

was gradually wearing away and deepening its bed.

But a marked peculiarity was exhibited at the junction of the

Minnesota and Mississippi Rivers. Eegarding the Mississippi

as the affluent (which we might do from the comparative sizes

of the two valleys), the rule here would be as it is elsewhere,

steep slope and shoal water below the affluent and almost no
slope and very deep water above. In this instance the effect is

felt above for at least thirty miles. On the other hand, taking

the Mississippi as the main stream (as the volume of its water

has always caused it to be regarded), then we have the anomaly
of the main stream filling up the valley and damming back the

affluent so that the latter brings no coarse material whatever
into the main valley or has any part in forming the shoal below
the junction of the two streams.

I called attention to this in my report published in 1867, and
lade the anomalous condition a feature in my report on

the Minnesota River,* where diagrams were given of the streams
and valleys at the junction, and of the Minnesota at its source

in Lakes Big-Stone and Travers, which I here repeat as Dia-

grams C and C. The Minnesota Valley maintains these widths
m throughout its course. I have also prepared a small

contour map of the sources of the Minnesota and M
Rivers, to show the important position occupied in this system
of slopes by the Minnesota Rivers, and give it as Diagram G.

In the report on the Minnesota, above referred to, I showed
that the valley of the Minnesota River had, in the period sub-
sequent to the glacial-drift epoch, been occupied by a much
larger river, which had formed the outlet of a great lake, em-
bracing the lake Winnipeg and receiving the drainage of its

basin, and extending as far south as the present Lake Traverse
at the sources of the Minnesota River,f This ancient river, if

its volume were as great in proportion to area as that of the
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Mississippi above the Falls of St. Anthony, probably equaled
Niagara in volume, and would have been sufficient to prevent
the formation of such excessive accumulation of debris in its

course, such as the Mississippi is now making below the Min-
nesota Biver, although it is probable that the material brought
into it from the near proximity of the Falls of St. Anthony
would have had the usual effect of somewhat increasing the
slope and shoalness just below its junction, and decreasing the
slope and increasing the average depth just above.

Accepting, then, the conclusion which I have elsewhere
made reasonable, that the drainage of the Winnipeg basin was
formerly along the Minnesota and Mississippi below the junc-
tion, then when the flow of water from that great northern basin
ceased there would no longer be the volume of water necessary
to remove the deposits brought by the affluents into a channel of
too great capacity for the requirements of the new conditions.

In building the railroad bridge across the mouth of the Min-
nesota, Mr. Shepard, the engineer, made borings to ascertain
the character of the foundations. A rod was forced down about
sixty feet, at which distance a stratum was reached so yielding
that the rod's weight would be barely supported. He did not
endeavor to probe further, for just before reaching this soft
layer he passed through a harder one of sufficient thickness and
resistance to support his structure. This bridge is a work of
minor character. This shows that the deposit in the old valley
exceeds sixty feet at this point. The Minnesota being a muddy
ttsneam, its fine silt has much filled the lake which the Missis-
sippi debris at its mouth caused.
The debris and material brought over and from the Falls of

ot. Anthony has been carried downward by the water, grad-

:nulating and filling the valley as "it advanced. One
should here stop and consider the manner in which river de-
Posits are made. The finest clay is so easily mingled with the
water, that the slightest disturbances in the fluid as it moves
along even with trentl. •• irrents, is sufficient to keep it from
settling down until still water is reached. The amount of this
°n the Upper Mississippi is comparatively very small. Such
materials as can be moved only by the swiftest currents are
foiled over along the bottom, gradually diminishing in size by
friction, and furnishing smaller particles susceptible of being
thus moved by feebler currents. The resulting material is

gravel and sand, the fine material such as clay and

matter, being all washed out.
When deposits of gravel or sand are made of materials moved

«opg the bottom, it takes place as soon as the current slackens,

:\;
u »mst ih. ,-,,-, read i _ ,,

j
!, , ,

I ;n n - a larger sectional area.

- ' is su.hlt.-n. him! the material is all taken up in

diminishing the section, until the velocity of transportation is
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restored ; then deposition continues immediately in front of the

last deposit. Such deposition, therefore, does "not extend lat-

erally from the course of the current into any contiguous dead
water, as depositions from water holding a clayey or vegetable

matter would.

Thus in the valley of the Mississippi, the lakes alongside the

river's course are deeper than the river, which has continued

to raise its bed by deposits of sand after the lakes were cut off

From the Falls of St. Anthony down to the St. Croix River
the Mississij .pi Valley receives no considerable tributary. The

or no large and heavy sedimentary matter. The result has been

ti •
: tie Mississi] pi de| '.-it of sand and gravel has been thrown

across its mouth, holding back its water and forming the St.

Croix Lake. At low water, while the depth of the M
at the junction is two and one-half feet, the depth in Lake St.

Croix is twenty-five feet. It is not probable that twenty-five

feet depth represents the amount of filling of the ancient valley

at !' - point, because the lake itself must have been somewhat
shoaled with fine deposits of clay and vegetable matter.

The next considerable tributary to the Mississippi Valley is

the Chippewa River. This, entering at right angles with a

steep river slope aud a probable high-water volume of at least

40,000 cubic feet per second, comes from a region inex

supplied with siliceous sand and gravel containing a considera-

ble of the heavv magnetic sand, whose oxidation often cements

the other sand deposits.* It brings quantities of these materials

which, spread out below, give a very steep slope to the Missis-

sippi River, and very bad .- u.

Lying just above this deposit is Lake Pepin, which it com-

pletely accounts for. The reason this lake has not been filled

up by the Mississippi above i> that the supply of .-:

Chippewa is so great as to raise the level more rapid!,

filling above can keep pace with. The Chippewa from the left

bank pushes its sand-bar out, so as to confine the outlet of the

lake to the opposite shore. There is an observable

between the condition of the lake and the deposits of

pewo. The deepening of the waters bv the deposit of Chippewa
sands is felt at low water sometimes as far up as the mouth of the

St. Croix, when floods in the Chippewa make these dep
and on the other hand, in t

..,. ,f ,(,, „, _.| lN Pl ,
, r , ^

cut the outlet deeper, and lower ;

t- L-vI. -
I

is moved down the river two to three miles below the St. Croix.

* "The analysis of the soil on this part of the Chippewa Rivi-r

Banks) gives ninety-three per cent of insoluble matter, which is c

calcareous earth."—Owen's Report, p. 56.
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If we follow the Mississippi down we find similar conditions
produced by the Wisconsin River as by the Chippewa : that is,

icrease of the slope and shoaling of the river below the
with gentler slopes, deep water, and lake like aspect

above. There would probably have been a large lake here, if

the affluents above had not silted it up.
Another instance is afforded by the damming-back effect of

i deposit at the mouth of the Illinois River, mak-
rater almost like a lake up to La Salle,

ake Pepin must therefore be regarded as due to the deposit
by the Chippewa of heavy coarse sediment into the valley of
an ancient and larger river. This view may be strengthened

. the following considerations: It lies immediately in
the course of the main valley above an important tributary. In
this respect it agrees with Lac-qui-parle, on the Minnesota, just
above the Lae-qui parle River; with another lake on the same
*ai%just above Yellow Earth River; with Big Stone Lake
jn the same valley, just above Whetstone River; with Lake
Traverse, which is formed by deposits from a stream at each
end, and thus empties sometimes in both directions. It agrees

jp
this relation with the lakes on the Qu'Appelle, which all

he just above a considerable tributary, and with like lakes on
the Upper Fox of Lake Winnebago. This constant relation
seems unmistakably one of cause and effect.

.
Valley now filling up.—From what has been stated above, it

is clear that the river valley in the part we have considered is

not now being deepened by erosions, but, on the contrary, is

filling up, and it appears to be doing so all along its lower
course except at the rapids.

Recent drainage of Lake Winnipeg southward.— As I have
stated in previous reports, I regard the ancient river draining
the Winnipeg southward by the Minnesota and Mississippi

galley as existing subsequent to the glacial deposits. This is

based upon the fact that the river's course is cut through those
deposits, as shown by the banks in many places from Lake
Traverse, in Minnesota, to Warsaw, in Illinois, and that the
ancient bed of Lake Winnipeg is free from glacial deposits, and
exhibits only the silt-deposit since made by the ancient lake

Valleyformed since the glaciers began to retire.—It also seems
most probable that the ancient valley itself, as a whole, was
formed in the region of a I le period
this great field of ice was receding, and parti v since it left the
ancient Mississippi basin, for the following reasons: When this

ice-period was on the increase, its southern margin must have
been gradually advancing in this region, crushing down and

a and filling the ravines and water-courses
with the debris not only of the neighboring rocks, but with
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the great mass of hard rocks and other material brought from
regions far to the north. There seems a probability that much
of the present Upper Mississippi basin had previously been for

long ages exposed only to erosions of streams and of the atmos-

phere, so that it was probably much cut up and fissured, as we
see in regions farther west, where no glacial action has occurred.

It must have been an easy matter then for the glacier to have

thoroughly filled up all the valleys and ravines, leaving the

surface everywhere of the well-known rounded hill and basin

forms of the drift regions. Wherever the glacial scratchings are

preserved, their uniform directions indicate a massive move-

ment to the southwest quite independent of all influence of

underlying inequalities. The water which flowed from them

would seek the first lowest line and excavate its course without

regard to the nature of the older stratified rocks buried beneath

iial deposits, and such seems to have been the case, for

the valley takes a great variety of courses, running about north-

east at St. Paul, due west at Eock Island, and its directions fill

every azitrrr tfi from northeast around by south

to west To the old stratified rocks its course seems to have

no relation, now cutting across an anticlinal, then following the

strike in ow in in the opposite one.

How the valley wasformed.—At St. Paul, on the Mississippi,

and in the Minnesota above, are the banks of an ancient water-

course when at such higher level than now that the river-bed

was the magnesian limestone rock, the same as that of the Mis-

sissippi, just above the Falls of St. Anthony. The existing

channel of the ancient valley has probably been formed by a

cataract in the great river, similar to that at St. Anthony. This

view is sustained by the high islands of rock in the valley of

the Minnesota, being remains of strata once continuous across

it. These high i.-'jmd^ ;n-> .-xi.-t U-I.,w in th- Mi-i<-ippi< H1(>h

as Barn Bli Lake Pepin, and the Trempeleau

hills. Some of these detached bluffs may have been formed

by bends approaching each other bv erosions gradually forming

a neck and cutting it off. One such, nearly completed, is seen

in the Dalles of the Chippewa Eiver. The period which must

have elapsed in doing this work was long, but it is probable

that the volume of water, during the melting of the glaciers

north of it, was great]

.

r of the present drain-

age of the Winnipeg "basin. The period may have been some-

what shortened by the new watercourse regaining in places

some ancient one, filled only with glacial debris.

If we look at the valley shown on the map from Lake Trav-

erse to Eock Island, we see that it gradually widens and con-

tracts along its course, but, as a whole, widens as we
It widens where the rocks on the banks are soft, and narrows

where they are harder and capable of resisting atmospheric ero-
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sion, as they are near Dubuque. This is in accordance with
usually received ideas, that where the stream is confined by
hard banks its increased velocity, due to such contractions,
may have caused the streams to abrade deeper. It is improb-
able that the ancient river, where it cut its way either as a

ley as wide as we now see it. It most probably underwent
Q2 from the impinging of the currents against

the foot of the high banks, thus removing the debris falling from
the cliffs above, as well as pouring away the unbroken strata

against which it washed. Even now, although the great river
has disappeared, we see that the valley is still widening in some
I'i."'-- v. here the river ilows at the foot of the high bluffs,

. the p ai maj< rifrj "I cases, the atmospheric ero-

sions have covered the steep, rocky scarps with detritus, which,
clothed with vegetation, preserves them from the influence of
the air. Where the river now impinges against the banks com-
posed of soft strata, we sometimes see its effect in the fresh-cttt

appearance of the cliff, and are led to give greater weight to
similar operations in the past, when like forces were probably

I have selected one (Diagram D) such cliff in the wide part
of the valley below La Crosse, which part indicates much wid-
ening since the first cutting out of the river's course. It is

apparent that no stream of water could have cut down from
C to AB while the opening D was available. But if we allow
that cataract on the right of the diagram represents the condi-
tions when the stream began to flow which cut the valley, then-
its present curse is natural, the subsequent widening bringing
it to the state we see on the left of the diagram.

Geologists of high character have estimated the age of the
-' i'-'-

: Nr.-aia Falls on the present rates of recession, and,

n-sult is uncertain, it indicates the origin to be in

recent geological times, although antedating the historical era.

In a similar way the time required bV the Mississippi to cut the

St. Anthonv has been
calculated by Professor N. B. Winchell,* on data that makes it

vary from 6,000 to 12,000 years, by assuming that the forces in

• ;.

.
That an\ date in geological time, capable of being expressed

in definite numbers of years, can be deduced from existing ob-
servations, se able; but whenever a condition
is observed which nsav be referred properly to the causes now
at work, whether of </reater iut*-Msi?v or less, it is reasonable to

v ork done as of recent evolo-ieal origin. We cannot
1:1 '-de^ this uncertain method of drawing inferences, since it is

the best we have, and we should endeavor, by continued inves-
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tigation, to make more definite this method of finding the

unknown factor, time.

Since the Falls of St. Anthony were at the junction of Min-
nehaha Creek, they have receded six and a quarter miles. The
Minnehaha Falls, since that time, have receded three-fifths of a

with the same height of fall. These relative rates have been
as about 1 to 10. The proportion of the volumes of the two
streams, judging by their present drainage areas, is about as 72

.-Huaie miles is to 21,600 square miles, or about as 1 to 300.

That is to say, the recession of the Minnehaha Falls has been
thirty times faster than it would have been if proportioned to

the volume. This may be accounted for by the greater atmos-

pheric influence of thesmaller falls, which, examination shows,

keeps ahead of the effect of the water, forming a cave under the

fall by the dropping down of material which the water then

washes away. At the greater falls the volume of water almost

constantly protects the rocks from the action of the atmosphere.

Hence we must give, as said before, a very considerable influ-

ence to the operations of the atmosphere in aiding the erosions

of small streams, and in demolishing cliffs where the water can

remove the debris.

I attribute a more recent origin of the gorge of the Mississippi

from Fort Snelling to the Falls of St. Anthony than to that of

the Minnesota above the junction. The gem ral map imlieates

that the same force which formed the valley below the junction

formed that of the Minnesota above.
. The hypothesis which I have heretofore advanced and en-

deavored to sustain, that the loss of the Winnepeg outlet along

the Minnesota was due to a change of the continental slopes by
a northeasterly depression, will explain this more recent origin

of the St Anthony Falls gorge. This supposed chan_.

might have caused a change of outlet of the lakes about the

present source of the Mississippi, so that the waters flowed out

northeast and, falling into a depression leading south-
• When we note

anesota, and also

the fact that all the smaller streams, like the St, Croix. Chip-

pewa, Black and Wisconsin, have cut through the sed

rock down to the granitm <-v trap roe ks, it seems improbable

that the Mississippi above Fort Snelling, with its greater power,

should not have accomplished as much if it had been as long at

Regarding the Mississippi Valley as originating as a whole

-.ion of a stream since the
'

[ its basin '

I would note that as far down as the island of R.-ck Wand
there is no decided indieation of other than successive changes

attending such action, and the gradual filling up of the valley
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by tributary sediment after the great volume of water from the
Winnipeg basin bad disappeared.

Annnudies of Rock Island Rapids and Des Moines Rapids.—At
Beck I.dand the river has left the ancient valley, which just
below Koek River seems to be lost. We might have supposed
that it ended here but for finding it again below Muscatine and
continuous down to the Des Moines Rapids, where it is lost

again. Just below, however, we find it again, and it then is

continuous until it widens out into the broad expanse below
the junction of the Ohio, although the river again leaves the
main valley, without sufficient apparent cause, at Fountain
Bluff and at the Grand Chain.
We had not time to study out where the course of the ancient

valley was between Rock Island and Muscatine, but at the Des
Moines Rapids we were more fortunate.
The following description of this vicinity and Diagram E will

present the points that appear deserving of consideration.
The river, as it passes the town of Madison on its right bank,

which is there 150 feet high, washes against a bluff composed
of clay and sand arranged in a mannei resembling u tbe ebb
and flow structure." Mr. Worthen gives a good description of
ti;! ^ formation in the Iowa Geological Report, volume i. part 1,

page 187. This kind of bluff is seen only on the right bank,
and extends continuously a distance of about twenty -five miles
from the mouth of Skunk River down to the point D (see Dia-
gram E), where it joins the Keokuk limestone rock just back of

In descending the river from Madison, the river in'aduallv
recedes from this bluff, and a few miles above D the blurt is

three miles from the river. A large portion of' the intervening
space is occupied bv a sand terrace, varving from twenty to
fi% feet in height above the hi-h water; the other Dortion is

bottom land, subject to overflow.
The river, before reaching Montrose, has a width within its

banks at ordinary stages of about half a mile, and the depth of
water in the

j
< ols at low stain is from tifteen to twent\ feet,

"" '< -1 beinir of .and. with no rock in place; nor is there any
rock in the vvA t b nk U, if. till just below Montrose, where it

b «*iiis aU, in the river-bed. On* the left bank or Illinois side
the bluffs are of rock, the same as at the rapids, where they
have been cut through by the river. This cut begins at Mon-
trose. u here the river makes a turn at a right angle to the east-

; depth at low water is only two to three feet, and
• ordinarv stages has widened to one mile. On both

sides of the rapids the rock bluffs rise almost immediately from
th " '• :c, ir . The river on the rapids continues easterly about
tw o_ mill's, then turns southward 'and maintains this direction
until all the rapids are passed and for a mile beyond; then
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turns southwest until the mouth of the Des Moines Eiver is

passed, and then turns southward again.

The rock disappears in the bed on passing Keokuk ; the

water then deepens, flowing on a sandy bed, and resumes its

width of about half a mile between its ordinary banks. On
: rapids there are no considerable or permanent island-, but

i go above or below, you find them as soon as the rock-as you
bed is 1

At Warsaw, three miles below the foot of the rapids, the Car-

boniferous rocks show in the bluffs, and so does the qi

glacial drift, covered with the loess. (See Diagram F)
The Mississippi Valley at Warsaw is about eight miles wide;

part of it a sand terrace, but most of it subject to overflow.

Proceeding up the Des Moines from the mouth, we leave the

limestone strata at the point H (Diagram E), and do not meet
with it again, either in the river bed or bluffs, till we reach the

point C, where we find it in both places, and thence all along

up this valley.

In this distance between H and C the bluffs are only on the

<>r north side, and the material appears similar to that

at Madison or to the loess at Warsaw, shown in Diagram F. If

we examine the valley of Sugar Creek, we find the bluffs cut

down as low as on the Des Moines between H and C, and all

of similar material, clay and sand, but no rock in place. Nor
could we find on any of the branches between ABC and DEH
any rock in place or learn of any. Within these limiting lines

those who have dug wells for water find it without reaching

rock.

At the place marked K on the sand terrace a well fifty feet

deep encountered no rock, although this was as far down as the

level of low water in the river.

The width of the main valley above Fort Madison is nearly

the same as below Keokuk, and if we prolong the line of bluff

between these two plan -. it \\ II include m -| .u • between them
where there is no known rock in .-'in. and which it appeal's

reasonable represents the ancient channel, since filled up.

The loess formation.—Tins name has been given in this coun-

try to a fine material deposited over all the other formations,

including the glacial deposits near the river, but not upon the

river sandand-gravel terraces, which are therefore the more
recent. It has a thickne.-s of main feet in places. It is gen-

erally regarded as having been deposited in quiet water. In

many places it is nearly uniform in thickness, conforming with

the previous
. as snow lies where it

has not drifted. This would be brought about by a sdt la-son

fresh- water current spreading out over one more dense and

quiet, through which the fine silt dropped. Such on litmus

i
- ilt '. a

4

r. and *h - * ' the exist-
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ence of many kinds of marine life, and would contain the
animal remains brought from the fresh-water streams.
The margins of the loess deposits are not well denned, and do

not appear to have been investigated as they should be. The
deposit is well shown near Eock Island, but does not appear as
high up as Dubuque (so far as I know). It extends op the
Missouri as far as Sioux City, and the Missouri Eiver made
immense deposits into the body of water in which the loess was
laid down. From the absence of marine fossils, this body of
water has been regarded as fresh and without connection with
the Gulf of Mexico except through an outlet. Judging by
what I know of the deposits, I should think it did not connect
with our present Great Lakes, and that a tongue of land or
promontory separated the arms extending up the Mississippi
and Missouri Eivers.
The streams which brought this fine loess material which has

been so spread out must have brought down heavier material
along the bottom that fell as soon as it reached the enlarged
section, just as rivers make their deposits of heavy material
now on reaching their natural receptacles. A most interesting
ease in point is in the deposits made in the Great Salt Lake
in quaternary times, where its terraces show a level nearly a
thousand feet above its present surface. The streams, like the
Weber, built out the terrace at their point of discharge in the
fan shape of a river-bar up to this terrace level near the ancient
shore, and extending back in the river valley, which must then
nave appeared as a fiord. Although the ancient Weber Eiver
deposit diminished in amount as it extended into the ancient

Jake, yet it terminated quite abruptly. I think, then, there

ftson to regard the bluff-deposits at Fort Madison and
vicinity, on the west side of the valley, as belonging to the
loess period, and not to glacial times. These deposits are
where streams would bring them from the northwest, while the

posits seem to have come from the northeast. This
filling up of the ancient valley of Keokuk and Madison, and
also in the neighborhood of Eock Island, is where the mouths
of considerable rivers probably were during the existence of
the large body of water in which the deposition of the loess
was made.
Formation of rapids since the loess.—When the body of water

of the loess period disappeared and the emergence of the land
again took place, the Mississippi did not regain its ancient
channel, but cut the new one now occupied. These rapids

cannot be accounted for by any special hardness of the rocks,
out their resistance is increased because of the dip of the strata

being nearly that of the river-slope. When the river was at a

"Igber level and made the sweeping bend above Montrose so
88 to wash the loess bluffs, but little more erosion would nave
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been required there to have carried the river back again to its

ancient channel during some extraordinary flood, and yet it

might have been that the new channel would even after this

remain the permanent one for ordinary stages.

Such an explanation as this may be applied. 1.' to the ^.iscs

at Fountain Bluff and at the Grand Chain on the Mississippi

just above the mouth of the Ohio, and to the almost incompre-

hensible changes of course in the Lower Ohio itself, shown on
the general map.
Another interesting supposition may be made that the Missis-

sippi in the last terrace period might have succeeded in washing
down the bluffs separatm- it n<- i Bi rlington from the Crooked
Creek flowing into' the Illinois. (See Diagram 1, sheet 4) The
new channel would have double the descent to the mouth of

the Illii >is of the existing o! md w< might have gained a new
course for the river, leaving a larger ancient channel occupied

by a smaller stream, and there would have been set at work a

new cause to modify all the valley of the Illinois River and all

the Mississippi above.
Summary ofprincipal points presented.—I will summarize the

principal facts that seem to be made out along the course of the

Minnesota and Mississippi

:

1. That the Minnesota Valley and the Mississippi Yalley

above the Ohio have been, as a rule, formed since the :

of the glacial drift, for this exists in unmodified and modified

forms in the banks of the river ; and that the Winnipeg basin

drained out southward along it.

2. That the loess deposits, extending up to the neighborhood

of Savannah, are later than the last glacial drift

3. That channels like those at the Des Moines Rapids and

river terraces in that vicinity are more recent than the loess.

Explanatory hypotheses.—I have advanced this hypothesis of

southern elevation and northern depression several times heiore

and illustrated its effect on the Minnesota and on the Wisconsin

Rivers, and in the first instance consid red what the results

would be in contiguous regions, and how far facts seemed to

correspond, and it is unnecessary to repeat them here.

The hypothesis appears to be in accordance with a number
of very important facts, and is consistent with observations as to

southern elevation and northern depression now going on. I*

explains, hv one widely exerted influence, many eft;

on the grou mj speeW
gh-i-rs .,,„i it wili :ins , v „ r .„ ;in ,> XIU .ination of the coming

on and disappe.-iramv .if tie- loess body of water, and for the

chan-e in the'drainage of Lake Winnipeg.
I think tlii- ciiaui: f re! stive elevation south and depression

north has been probably reversed at some periods, and repeated.

This is important, for, if we can show that any movement of
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the earth's crust is a recurrent phenomenon, it may help us to

Apprjximate practical conclusions.—The only practical con-
bich can be drawn from the preceding discussion seems

to be that the origin of the excavation of the valley is compara-
tively modern, and that it was from the operation of forces

producing probably uniform results, and in a way that we have
1 \ ipivl usion of it in general, from our

knowledge of special localities.

Note.—-Descriptions of the best known sections of the valley
follow in the report.

Art. LI.— On some points in Lithology; by JAMES D. Dana.

[Continued from page 343.]

4. Containing Quartz or ,<<>>.—Since quartz is the most uni-
versal »' the materials of rocks, its presence is least entitled to

^ tiKi'tc a.bans t", i' di-rii!<-ti.-.ns among them. In sedimentarv
deposits, the original of many of the crystalline kinds, it is a
very common ingredient owing to their mode of (

pursued by recent writers on lithology in making the presence
or not of quartz even in crystalline rocks a basis only for a
v,ll »l i-.m) iiu.hr <i hnnl i\ fork. Tbu- there j~ under dioryte,
'/'""-'

- i'nnjte; under trachyte, quartz-trachyte; under felsyte,

quartz-Jelsyte ; and so in other cases.
Syenvte is deiincd bv .such authors as consisting chiefly of

and hornblende. Now a rock made prominently of
these minerals often contains also quartz ; and the name for the

faring kind, which a system of lithology using the
above-cited terms would seem to require, would be quartz-syen-

y';\ T, call it - hornblende-granite," as is often done, is at

sh uses the word quartz as an affix
in other cases.

This term " hornblende-granite" is at variance also with the

1 idea and nature of granite. Granite is eminently

\. The feldspar is a potash-bearing species

;

rite or biotite, vields on analysis
little less potash than the fold-par, the amount heing eight to

'imt. These two micas are both present in most
- Mid mi •! s, hist : and thev an - > near akin t

!

.<;

'times occur combined in a single crystal—the
Preseilce of a little iron in the original materia! having appar-
ently determined the formation of the latter where it occurs.
Uri the contrary the hornblende of such rocks contains usually
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less than one per cent of alkalies, and rarely in any kinds over

five per cent. Looking to chemical and mineralogical consti-

tution—the true criterion as to identity among rocks—the

drawn line is between the mica-bearing series and the

hornblende-bearing series. Granite belongs to a mica and pot-

or series; and syenyte, whether quartzless or quartz-

bearing, to a hornblende and potash -feldspar series.

Moreover, the original syenyte, from Syene, Egypt (to which
the name " syenites" was' applied b^ Pliny and other ancient

writers) is a quartz-bearing " syenites.'' The larger part of the

syenyte of all Archaean regions is quartz-bearing. The quartz-

less kind is seldom met with in Eastern North America, or, as

far as explored, in the Eocky Mountain region. There are

hornblende granites; but these are granites which contain

hornblenbe in addition to the mica and other ingredients.

Transitions are common between granite, hornblende-granite

and quartz-bearing syenyte ; but they are so also between these

tzless syenyte, between syenyte-gneiss and ordinary

gneiss, between hornbl md between

these and other rocks. They are throughout lithology a

source of difficulty in characterizing kinds of rocks, as already

stated. But they do not set aside the fact that the division

between the mica and potash-feldspar series and the hornblende

and potash-feldspar series is the most reasonable on mineral-

ogical and chemical grounds.

5. Containing " Plagioclase^—The fact that the composition

of the triclinic feldspars between the extreme species albite, a

Bodiom-alpminum tersilicate, and anorthite, a calcium-alumi-

num bisilicate, may be explained by supposing them combina-

tions of these species through isomorphous substitutions of the

tersilicate and bisilicate (the amount of sodium present deter-

mining the amount of tersilicate in the combination, and the

amount of calcium that of bisilicate) was immediately followed

by the assumption thai

and, therefore, that all the tri<-liuir f*'ld<pars wer-

one species, and for this reputed species the name plagioclase

has been used. Some ground for the assumption was found m
the analyses of the feldspars; but how much was uncertain,

because, in several cases, mechanical mixtures of one species

with another had been ascertained to exist in crystals. Now
that Des Cloizeaux has proved, by optical investigations, that

several of the species of triclinic feldspars are realty Bfjecies,

that is, that the com hi

and bisilicate, are based on definite ratios, as in combinations in

other departments of el there are not indefinite

3, the term " plagioclase" has become merely a synonym

for "triclinic feldspar."
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The consequences to lithology of this introduction of the
term " plagioclase" were unfortunately great. It was made a
sufficient definition of a rock to say that it consisted of "

plagio-
clase and hornblende," " plagioclase and augite," and so on ; and
this is now common in recent memoirs on rocks. It was a con-
venient idea; for an examination with the microscope is made
in a hundreth part of the time required for a chemical analysis.

Now this word "plagioclase" covers compounds varying in

the silica afforded by analyses from 43 to 69 per cent ; and in

the alkali from all lime (20 per cent) to all soda (12 per cent.)

Anorthite, the lime feldspar, is not oligoclase, even if to the
two a common name be applied ; they still differ 20 per cent in

silica (which is one-fifth the mass), and also in the alkali present.

Expressions like "consisting of plagioclase and hornblende,"
as in the definition of dioryte, have consequently an immensely
wide signification ; for the word dioryte is made to cover

- -dioryte, labradorite-dioryte, and anorthite-dioryte.

This confounding <•( things thus unlike may be called sim-
plifying the science of lithology; but it is a confounding of

important distinctions in the view of those who are interested
in a definite knowledge of rocks, and in the important geologi-
cal questions connected with their constitution. Some litholo-

gists recognize the bearings of such questions, and use the
qualified terms for the kinds of dioryte above cited. But the
most recent turn is in the other direction. Rosenbusch's
learned work, the latest, says that the rocks of the "family" of

diabase consist of "plagioclase and augite," and that the feld-

spars, oligcx ite have been observed
io them. Dioryte is defined as a "family" of older rodks con-
sisting essentially of " plagioclase and hornblende." Had the
different kinds of rocks embraced in these families been sepa-
rately stated and described, the account might have been satis-

factory. But, under both diabase and dioryte, the term " pla-

gioclase" is used as if sufficiently defined in itself, and under
dioryte it is given with its aggregate <itHjiiii'ation alone, no
mention being made of the particular feldspar the dioryte of

different localities contains.*
If a dioryte happens to be porphyritic, it is at once put into

the grand division of dioryte-porphyry, when the only distinc-

tion may be that the f< the chemical
and mineralogical constitution being identical. But if the feld-

spar of one dioryte contains twenty per cent of silica more than
another and no soda at all, it is still all dioryte.

- : r-

....!.::

ver the subject of the chemical or mineralogical constitu of

A*. Joca. Sci.—Third Series, Vol. XVI, No. 96.-Dec, 1878.



In geology, it is essential to a thorough study of the ques-

tions it has before it that the kinds of feldspars should not be

massed under a common name ; and that in every case the

investigation should be considered unfinished until not merely

the amount of silica in the rock is accurately ascertained, but

also the particular species of feldspar is correctly and fully

ted, however great the labor required to reach a conclu-

sion. The use of the term plagioclase in such a case is an

Igment of incomplete work, and should be so treated.

But the objection to the use of the term "plagioclase" is

still stronger than has been stated. It now includes not only

the soda-lime feldspars from anorthite to albite inclusive, but

also part of potash-ieldspar. The establishment, on an unquus-

very common mineral, much of what was supposed to be ortho-

clase belonging to it, has extended the range of " plag

until it is now almost an equivalent of the general term feldspar,

so that "plagioclase and hornblende" has, as to chemical consti-

tution, the same signification now with feldspar and hornblende.

6. Rocks hie feldspar and mica.—The term

dioryte, formerly defined as a rock consisting of oli_

I hornblende, has been introduced into the name of a

series of rocks containing no hornblende, but mica instead.

Thus :
" mica-dioryte" is defined as a " plagioclase-mica rock" in

which mica is substituted partly or wholly for hornblende, and

it is called mica-dioryte whichever of the triclmic feldspars be

present, even if anorthite. This change in the use of

dioryte so as to include a rock containing no hornblende, makes

"plagioclase" the essential constituent, and places mica and

hornblende in a subordinate position, as the heads only of sub-

The remarks made respecting syenyte apply equal

and also those respecting " plagioclase." A mica-dion.

granite, eminently an alkali-yielding rock, the mica

affording usually ten per cent of potash ; and as granites often

contain oligoclase as well as orthoclase, the amount of potash

and 9oda in a "mica-dioryte" and a granite may not be very

widely different Dioryte, on the contrary, is prominently a

hornblende rock.

Looking to the mineralogical and chemical constitution of

the rocks, we are naturally led to recognize along side of a

mica and potash-feldspar series, which is headed by granite,

also a mica and soda-lime feldspar series, and to include in the

latter the so-called mica-diorytes.

rocks
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the minerals are essentially identical in chemical composition,
• hough different in their occurring

e forms and in the angle of the cleavage prism. The
identity in composition is so close that chemical analysis is not
able to distinguish them. Hence the related eruptive rocks of
the hornblendic and augitic series (or those containing the same
Bpecies of feldspar in like proportions) must have originated in

material of essentially the same chemical composition. The
relation between the two minerals is thus far closer than between
the triclinic species of feldspars.

Nevertheless, too much importance is not given them when
each is made distinctive of an independent series of rocks ; for
the very wide extent to which augitic rocks retain unvaryingly

lic characters—such rocks constituting full t

of the earth's eruptive masses—shows that the special conditions
producing augite, instead of hornblende, whatever they are,

have often acted on a vast scale in the earth's history. And
so, also, the very wide distribution of hornblendic rocks, espe-

cially among the metamorphic kinds, is evidence of a like com-
prehensive influence of the conditions needed to make horn-
blende in place of augite. The geological importance of the
distinction is reason enough for recognizing it in lithological

8. Massive or Schistose.—Massive structure is often madeprima
facie evidence of igneous origin. Granite, with hardly a ques-
tioning thought, has usually been placed solely among eruptive
rocks. The igneous origin of dioryte even now is hardly left

open to investigation by some lithologists. Serpentine has been
jn the same category, though at present there are advocates of

its metamorphic origin. And so other massive rocks are too
likely to be set down as eruptive without a fair investigation.

No two rocks are put farther apart in some lithological systems

lite and gneiss ; and yet, none are more closely related

in constitution and all essential characteristics.

The following are reasons for disregard: n- ti is distinction of

massive or schistose in classifying rocks, and for allowing a

- iiicture little weight' in deciding the question as to

eruptive or metamorphic origin.

(1.) Massive rocks may be both metamorphic and eruptive.

Granite, syenyte, with dioryte and other hornblendic rocks, are

•
: massive rorU that are of both modes of origin.

Many localities where kinds of these rocks occur metamorphic
have been described. I will mention two or three from the

many I have observed in New England, (a) Ten miles east of

New Haven, Connecticut, in a railroad cut at Stoney Creek, a

bed of granite, having a small northward dip, c g
-

to gneiss, and then to gneiss with some very micaceous mica
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schist, so that within thirty yards from east to west these three

rocks are found constituting the same bed ; and the granite is

a part of the general gneissic formation of the region. (5) The
re-dioryte two miles west of New Haven graduates

rather abruptly above and below, and also laterally, from a

massive rock into a slaty chloritic mica schist, and does this so

often and variously, that there is no reason for questii

metamorphic origin, (c) A hornblende (or actinolite) rock,

just northeast of Bernardston, of a massive kind, occurs among
thin schistose beds of mica schist and hornblendic schist and is

part of a series of metamorphic strata. From a hand specimen

either of these rocks would be pronounced eruptive ; but obser-

vation in the field proves that they are not so.

(2.) Certain kinds of mineral constituents are almost sure to

make a massive metamorphic rock when the process of meiamor-

phism is one attended with much heat. Hornblende and augite

are minerals of this kind. Both are rather fusible, and crystal-

iv, so that heat easily obliterates all traces of bedding.

This principle alone will account for the fact that the rocks

northeast of Bernardston, alluded to above, are massive

wherever hornblende is the chief ingredient. It expl

the existence of the massive labradorite-dioryte among the

schists west of New Haven. Feldspar also, when alone, or

accompanied by quartz without any associated mica (as in fel-

syte, quartz-felsyte, granulyte), is almost sure, under the circum-

stances mentioned, to make a rock, with the bedding obliter-

ated, in other words, a massive rock
; and only with a low

degree of heat in the metamorphism, would any original bed-

ding be retained. And even if hornblende is present, there is

the same tendency to massive forms. Serpentine is another

species that makes almost necessarily a massive rock, whatever

the method of origin, because the mineral has nothing in its

structure that favors any other condition.

(3.) Pressure may be a source of schistosity orfoliation, and it may
also obliterate bedding. On the first of these points illustration

is not necessary. As to the second, there are many examples in

the crystalline limestone region of Western New England, both

in Vermont, Massachusetts and Connecticut. At West Rutland,

Vermont, as first observed by Prof. Edward Hitchcock, many
limestone beds nave been cemented by the pressure which gave
them their high dip into a bed of great thickness, so that masses

as large as a moderate-sized house could be cut out if needed.

The component beds are easily distinguished in the southern-

most of the three quarries. Moreover, in the middle of the

same valley the metamorphism of the limestone stratum was not

complete enough to obliterate the fossils—shells, corals and

cricoids being distinguishable ; so that there could have been



no fusion to produce the coalescence. As this welding of beds
is so perfect in the limestone, it is reasonable to believe that a
similar cause may have acted in the case of feldspathic, horn-
blendic and augitic rocks, without even the aid of incipient
fusion.

_
(4.) The sedimentary beds which have been converted into r,-,/Mal-

line rocks were often originally massive.—This is the condition of
most conglomerates, and often of coarse sandstones. In such
cases there would be no bedding to obliterate ; and the produc-
tion of a massive rock would be a natural result of the meta-
morphism, whether the heat attending it were great or small.
Part of the metamorphic granite of the world may therefore
never have been in a pasty state ; and so also part of the meta-
morphic hornblende rocks ; some metamorphic felsyte beds, cer-

tainly those that are of conglomerate origin, were originallj

massive.

There is hence reason enough for neglecting the disl

of massive and schistose in drawing out a system or classifica-

tion of rocks, and for making the question of origin in the case
oi' either kind, the massive no less than the schistose, a subject
for careful investigation.

9. Metamorphic or Eruptive.—The question whether a crystal-

line rock is metamorphic and in place, or eruptive, is of the high-
est geological interest ; for it is a question as to origin. At the
same time, no subject, if we exclude the part of metamorphism
relating to the obviously schistose rocks, is in so unsatisfactory
a state. With some authors, as above intimated, the question
so far as it relates to massive crystalline rock is not an open
one. On the other hand, when investigation has taken place,

opposite opinions have generally been reached. The remedy
of this is to be found in more thorough study from a wider
basis of facts.

Were the question in all cases rightly decided, lithology

would be able to study and compare the two series, and give
greater completeness and higher geological value to the descrip-
tions of rocks. Applying different names to the like rocks in

the two series is not necessary, unless there is some strong geo-
logical reason in favor of it ; for when a rock occurs both meta-
morphic and eruptive the fact is best exhibited if that rock has
but one name. The writer has proposed to distinguish the

metamorphic under any kind of rock by adding to the name
the prefix meta; for example, dioryie for the eruptive and
metadioryte for the metamorphic part. But meta is here used
simply as an abbreviation of the word metamorphic, not to indi-

cate a difference of kind in the rock.



Conclusions.

ncipal points with regard to rocks which have been

it in this paper, are the following.

-
i large e

ters distinctions should be based.

2. In determining the rocks to be grouped as one in hind

under a common name, near identity in the chemical and min-

eral composition of the chief constituents is the main point to

be considered
; not near identity in their crystalline forms, for

isomorphism presupposes diversity of composition.

3. Distinction < i /,,</ -1 <>ul 1 I.*'- 1. m 1 on dilteivnce in chem-

ical and mineral constitution as regards the chief con-

When such difference exi.-K ro<-'-> -.>> dihVivnt in ''"' ;11 " 1

need, for the purposes of geology, distinct names. If it does

not exist, the distinction is onlv that of variety ; unless (as in

the case of tracin to and felsyteh the very wide extension of the

rock under persistent characters makes a distinction of name
important to geology.

4. It follows from the preceding, that differences in texture :

as coarse, or fine, or aphanitic
;
porphyritic, or non-porphyritic ;

stoney throughout, or having unii

the stoney _
. ces in microscopic inclusions; an-

no basis for a distinction of kind among rocks, but only of

variety; and that porphyria ^nicturt is of hardly more conse-

quence than coarse or fine granular.

5. No marked change in the constituents of the earth's

erupted material occurred after the close of the Cretaceous

period, or just before the commencement of the Tertiary era
;

and, hence, no ground exists for the distinction of "older" mid

"younger" among eruptive rocks. The "younger' eruptive

rocks are essentially like the "older" in chemical composition

and their chief mineral constituents; and they differ when at

all onU in te\tm Mid -om. other i n s i
importance

—qualities that distinguish merely varieties, and wh
proceeded from greater prevalence in these later times of sub-

aerial eruptions.

6. Since " plagioclase" is not the name of a mineral species,

—several minerals, of widely different compositions being

embraced under it—it is a confounding of differences and

resemblances to speak of it as a constituent of a rock. And
since it now includes, through the defining of the feldspar

microcline, a large part of potash feldspar, which had been sup-

posed to be orthoclase, it has bee -nous with

the term feldspar. The "simplicity" its adoption has been
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supposed t

tion, the evil would be hardly less.

7. Bocks differing mineralogically, and not chemical
related hornblendic and augitic rocks (the minerals hornblende
and augite being dimorphous), are rightly made distinct rocks,
since the difference has depended, to a large extent, on wide-
reaching geological operations or conditions, and is, therefore,

"

of great geological significance.

8. Since quartz is the most widely distributed and therefore
the least distinctive of the minerals of rocks, it may rightly be

portance in the distingui
rocks, and hence not only such names as dioryte and qui

ryte, trachyte and quartz-trachyte, etc., are acceptable, but also
syenyfe and quartz-syenyte.

9. Biotite being closely like muscovite in composition, and n< >t

less common than it in granites, gneisses and mica schists, ;-ind

being, moreover, unlike the mineral hornblende in chemical

rmula, the rocks in which biotite is a chief

rightly be put in the same group with
hornblende rocks; or those in which hornblende is a chief
constituent in a group of mica- bearing rocks. Consequently
the name "mica-dioryte," for a rock containing no hornblende,
and the name "hornblende-granite" for a rock containing no
mica but hornblende instea ae relations.

The discussion suggests the following additional remark

:

The incapabil'
'

advances through chemical analyses ; for chemistry alone can
clear away the doubts the microscope leaves, and so give that

completeness to the Science of Kocks which geology requires
for right and comprehensive conclusions.

Moreover the researches made in the laboratory to be of real

geological value should be, if possible, supplemented by inves-
tigations in the field as to transitions among the rocks, and as
to other kinds of relations. This field work has often been
well done, but not so by all lithological investigators,

,
The principles presented lead to the following subdivisions

in an arrangement of crystalline rocks, exclusive of the Calca-
reous and Quartzose kinds. Since leucite is a potash-alumina

ike orthoclase and microcline (it affording twenty per
cent or more of potash), it is here referred to the same group
with the potash feldspars; and nephelite, sodalite and the

a being eminently soda-bearing species, they are
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included with the soda-lime feldspars (anorthite to albite).

This reference for lithological purposes of these minerals is sus-

tained bj their resemblance to the feldspars in constituents,

and also in the quantivalent ratios between the alkalies,

alumina and silica, this ratio being in leucite 1:3:8, as in

andesite, and in sodalite and nephelite 1 : 3 : 4, as in anorthite.

The term potash feldspar, as used in the headings below, is

hence to be understood as covering orthoclase, microcline and
leucite ; and soda-lime feldspar, as including the triclinic feld-

spars from anorthite to albite, and also nephelite, sodalite and

The arrangement is as follows. In the first series, the rocks

graduate into kinds which are all feldspar, and into others that

are all mica ; and yet the amount of potash present is approxi-

mately the same.

I. The Mica and Potash Feldspar Series: including

Granite, Granulyte, Gneiss, Protogine, Mica schist, etc., Fel-

syte, Trachyte, etc., and the Leucite rock of Wyoming.
II. The Mica and Soda-Lime Feldspar Serie-

ing Kersantite, Kinzigite; and the nephelitic kinds Miascyte,

Ditroyte, Phonolyte, etc. (These nephelitic kinds belong

almost as well in the preceding series).

III. The Hornblende and Potash Feldspar Series:

including Syenyte (wit -vrhytc-iim 1 ^. Horn-

blende schist, Ampbibolyte, Una'kyte (this last containing epi-

dote in place of hornblende) ; and the nephelitic species Zircon-

Syenyte, Foyayte.
IV. The Hoknblende and Soda-Lime Feldspar Series :

including Dioryte (with Propylyte), Andesyte, Labradioryte (or

Labrador-dioryte), etc., and the saussurite rock, Euphotide.
• V. The Pyroxene and Potash Feldspar Series : includ-

ing Amphigenyte.
VI. The Pyroxene and Soda-Lime Feldspai:

including Augite-Andesyte, Noryte(Hypersthenyte and Gabbro
in part), Hypersthenyte (containing true hypersthene), Doleryte

(comprising Basalt and Diabase), Nephelinyte, etc.

VII. Pyroxene, Garnet, Epidote and Chrysolite Eocks,
containing little or no Feldspar : including Pyroxenyte,
Lherzolyte, Garnetyte (Garnet rock), Eclogyte, Epidosyte,
Clirysolvtr or Dunvte (Chrvsolite rock), etc.

VIII. Hydrous Magnesian and Aluminous Rocks, con-

taining little or no Feldspar : including Cblor
Talcose schist, Serpentine, Ophiolyte, Pyrophyllite schist, etc.
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It is an inference naturally suggested by the general increase
of entropy which accompanies the changes occurring in any
isolated material system that when the entropy of the system
has reached a maximum, the system will be in a state of equi-
librium. Although this principle has by no means escaped
the attention of physicists, its importance does not appear to

have been duly appreciated. Little has been done to develop
the principle as a foundation for the general theory of thermo-
dynamic equilibrium.
The principle may be formulated as follows, constituting a

criterion of equilibrium :

I. For the equilibrium of any isolated system it is necessary and
that in all possible variations of the state of the ^ysttin

which do not alter its energy, the variation of its entropy shall

eitfier vanish or be negative.

The following form, which is easily shown to be equivalent
to the preceding, is often more convenient in application

:

II. For the equilibrium of any isolated system it is necessary and
sufficient that in all p the state of the system
>'-h/r/, do not alter its entropy, the variation of its energy shall

either vanish or he positive.

If we denote the energy and e:

i) respectively, the criterion of (

by either of the formulae

t*Vh &> (!)

(6e) v *0. (2)

Again, if we assume that the temperature of the system is

Uniform, and denote its absolute temperature by t, and set

*= «-«% (3)

may be expressed by

W)t£°, (4)

the suffixed letter, as in the preceding eases, indicating that the
quantity which it represents is constant. This condition, in

m tciiipeiatuiv. may be shown to

be equivalent to (1) or (2). The difference of the values of f
for two different states of the system which have the same

tare represents the work which would be expended in

bringing the system from one state to the other by a reversible

process and without change of temperature.

>na of the Connecticut Academy of Arts and Sciences, vol. iii, pp.
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If the system is incapable of thermal changes, like the sys-

tems considered in theoretical mechanics, we may regard the

entropy as having the constant value zero. Conditions (2) and

(4) may then be written

and are obviouslv identical in signification, since in this case

Conditions (2) and (4), as criteria of equilibrium, may there-

fore both be regarded as extensions of the criterion employed

in ordinary statics to the more general case of a thermody-

namic system. In fact, each of the quantities — e and — <p

(relating to a system without sensible motion) may be regarded

as a kind of force-function for the system,—the "former as the

force-function for constant entropy, (i. e., when only s

of the system are considered as have the same entropy,) and

the latter as the force-function for constant temperature, (i e..

when only such states of the system are considered as have the

same uniform temperature).
In the deduction of the particular conditions of eqi

for any system, the general formula (4) has an evident advan-

tage over (1) or (2) with respect to the brevity of the processes

of reduction, since the limitation of constant ten

applies to every part of the system taken separately, and

diminishes by one the number of independent variations in the

state of these parts which we have to consider. Moreover, the

transition from the systems considered in ordinary mechanics

to thermodynamic systems is most naturally made by this

formula, since it has always been customary to apply the

principles of theoretical mechanics to real systems on the sup-

h- conceived and expressed) that

the temperature of the system remains constant, the m<

properties of a thermodynamic system maintained at a constant

temperature being such as might be imagined to belong to a

purely mechanical system, and admitting of represen'

a force-function, as follows directly from the fundamental laws

of thermodynamics.
Notwithstanding these considerations, the author has pre-

-eueral to use condition (2) as the criterion of equi-

ieying that it would be useful to exhibit the con-

ditions of equilibrium of thermodynamic systems in <

with those quantities which are most simple and most general

in their definitions, and which appear most important in the

g< n -ral theory , ,f su.-h .-v-r->. -, ' Tit form in

which the subject would devel a (*) li:ul

been chosen as a point of departure instead of (2), is occasion-

ally indicated.



J. W. Gibbs—Equilibrium of Heterogeneous Substances. 443

Equilibrium of masses in contact.—The first problem to which
lion is applied is the determination of the conditions

of equilibrium for different masses in contact, when uninflu-
enced by gravity, electricity, distortion of the solid masses, or

tensions. The statement of the result is ;

by the following definition.

If to any homogeneous mass in a state of hydrostatic stress
we suppose an infinitesimal quantity of any substance to be
added, the mass remaining homogeneous and its entropy and
volume remaining unchanged, the increase of the energv of the
mass divided by the q i

.

-e added is the p<><>n-

tial for that substance in the mass considered.
In addition to equality of temperature and pressure in the

iu;i.-si-.- in contact, it is necessarx lor equilibrium that the
potential for everv substance which is an independent! v varia-
ble component of any of the different masses shall have the
same value in all of which it is such a component, so far as
they are in contact with one another. But if a substance,
without being an actual component of a certain mass in the
given state of the system, is capable of being absorbed by it,

>t is sufficient if the value of the potential for that substance

w is not less than in any contiguous mass of which
nee is an actual component. We may regard these

is as sufficient for equilil iutinites-

ations in the composition and thermodynamic state
of the different masses in contact. There are certain other
conditions which relate to the possible formation of masses
entirely different in composition or state from any initially

existing. These conditions are best regarded as determining
tv of the system, and will be mentioned under that

head.

Anything which restricts the free movement of the compo-
nent substances, or of the masses as such, may diminish the
number of conditions which are necessary for equilibrium.

Equilibrium of osmotic pose two fluid masses
to be separated by a diaphragm u !

:i<!. is permeable to some of
the component substances u:.d not toothers, of the conditions

ch have just been mentioned, those will
still subsist which relate to temperature and the potentials for
the substance- • \\\ t i

• [' - '.
. but those

relating to the potentials for the substances to which the dia-

phragm is impermeable will no longer be necessary. Whether
the pressure must be the same in the two fluids will depend
uPon the rigidity of the diaphragm. Even when the dia-
phragm is permeable to all the components without restriction,

equality of pressure in the two I

- necessary

ibrium.
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Effect of gravity.—In a system subject to the action of gravitv,

the potential for each substance, instead of having a uniform

value throughout the system, so far as the substance actually

occurs as an independently variable component, will decrease

uniformly with increasing height, the difference of its values

at different levels being equal to the difference of level multi-

plied by the force of gravity.

Fundamental equations.—Let e, y, v, t and p denote respect-

ively the energy, entropy, volume, (absolute) temperature, and

pressure of a homogeneous mass, which may be either fluid or

solid, provided that it is subject only to hydrostatic pressures,

and let to,, m a , . . . mn denote the quantities of its inde-

pendently variable components, and ft % , /* a , . . . fxn the poten-

tials for these components. It is easily shown that e is a

function of 7, », to,, m 2 , . . mn, and that the complete value

of de is given by the equation

de=tdrj—pdv + fi%
dm

%
-\- ftt dmt

. . . + jundmn. (5)

Now if £ is known in terms of ^, v, to,, . . . m« we can

obtain by differentiation t, p, fi t
, . . . /^ in terms of the same

variables. This will make n + 3 independent known relations

between the 2n + 5 variables, e, 37, v, m
t
,m

2 , . . . to„, t, p,

^i» J"s> • • • /"»• These are all that exist, for of these varia-

bles, n 4- 2 are evidently independent. Now upon these rela-

tions depend a very large class of the properties of the com-

pound considered,—we may say in general, all its thermal,

mechanical, and chemical properties, so far as active tendencies

are concerned, in cases in which the form of the mass does not

require consideration. A single equation from which all these

relations may be deduced may be called a fundamental equa-

tion. An equation between e, ay, v, to,, to 2 , . . . tob is a funda-

mental equation. But there are other equations which possess

the same property.

If we suppose the quantity <p to be determined for such a

mass as we are considering by equation (3), we may obtain by
differentiation and comparison with (5)

dip=-Tjdt-pdv + fx 1
dm

l + mt
dm

t
. . . +M»dm* ^

If, then, tf> is known as a function of t, t/, to,, to,, . . . *»«, we
can find 7, p, p tJ ptl . . . ^ in terms of the same variables.

If we then substitute for <p in our original equation its value

taken from equation (3) we shall have again n + 3 independent
relations between the same 2n +5 variables as before.

Let

C»*-l*+ p 0J
(?)

then, by (5),

dt = — Tj dt+ v dp + u dm, + u dm„ . . . + /*. dmn. (8)
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If, then, £ is known as a function of t, p, m x
, m

2 , . . . mn,

we can find 9, v, p„ pa , . . . pn m terms of the same variables.
By t'liim, : .11 again n + 3 independent rela-

tions between the same In 4- 5 variables as at first.*

If we integrate (5), (6) and (8), supposing the quantity of
the compound substance considered to vary from zero to any
finite value, its nature and state remaining unchanged, we

e±:ttf~pv+ litmx +-it%m% . . . + M«™* (9)

If we differentiate (9) in the most general manner,
pare the result with (5), we obtain

- vdp+ r?dt + m^fJt + m^dM, . . + m„d/u„z

dp =+dt+—s du
l
+ -3 dp, . . . + — djjn=0. (is)

Hence, there is a relation between the n + 2 quantities £, ^>,

/V/< 2 , • • • p., which, if known, will enable us to find in

terms of these quantities all the ratios of the n + 2 quantities

?, v, m„ w
2 , . . . ™n. With (9), this will make n + 'S inde-

pendent relations between the same 2n + 5 variables as at first.

Any equation, therefore, between the quantities

Coexistent phases.—In considering the different homogeneous
bodies which can be formed out of any set of component sub-

stances, it is convenient to have a term which shall refer solely

to the composition and thermodynamic state of any such body
without regard to its size or form. The word phase has been
chosen for this purpose. Such bodies as differ in composition
or state are called different phases of the matter considered, all

* The properties of the quantities — f and — ? regarded as functions of the
temperature and volume, and temperature the composi-
tion of the body being regarded as in

tiques des divers fluides

solve the problem of representing a

are concerned in rev
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bodies which differ only in size and form beinsr regarded as

different examples of the same phase. Phases which can

exist together, the dividing surfaces being plain, in an equi-

librium which does not depend upon passive resistances to

e called coexistent

The number of independent variations of which a system of

coexistent phases is capable is n+2— r, where r denotes the

number of phases, and n the number of independently variable

components in the whole system. For the system of phases is

completely specified by the temperature, the pressure, and the

system of phases.

When the number of phases exceeds the number of compo-
nents by unity, the system is capable of a single var

phase. The pressure and all the potentials may be re_

functions of the temperature. The determination of these func-

from the fandamental equations in p, t, fi , , _

members of the system. But without a knowledge of these

fundamental equations, the values of the differential co-efficients

such as -± may be expressed in terms of the entropies and

volumes of the different bodies and the quantities of their

several components. For this end we have only to eliminate

the differentials of the potentials from the different equations

of the form (12) relating to the different bodies. In the simplest

case, when there is but one component, we obtain the well-

known formula

dp__v'-rf__ Q
at v'-v» t^-vy

in which v', v", y'
}

»", denote the volumes and entropies of a

given quantity of the substance in the two phases, and Q the

li it absorbs in passing from one phase to the other.

It is easily shown that if the temperature of two coexistent

phases of two components is main fcbe pressure

is in general a maximum or minimum when the composition
of the phases is identical. In like manner, if the pressure of

the phases is maintained constant, the temperature is in general

nam or minimum when the composition of the phases

L The series of simultaneous values of t and p for

which the composition of two coexistent phases is identical

separates those simultaneous values of t and p for which no

coexistent phases are possible from those for which there are

two pairs of coexistent phases.
If the temperature of three coexistent phases of three compo-
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nents is mai the pressure is in general a maxi-
nium or minimum when the composition of one of the phases
is such as can be produced by combining the other two. If

the pressure is maintained constant, the temperature is in gen-

regard to the composition of the phases is fulfilled.

Stability of fluids.—A criterion of the stability of a homoge-
neous fluid, or of a system of coexistent fluid phases, is

by the expression

e-ftf+j/v-tfm^jijm, . . . -//>, (14)

e to be determined
the stability is in

question, and the values of the unaccented letters by any other
phase of the same components, the possible formation of which
is in question. We may call the former constants, and the lat-

blea. Now if the value of the expression, thus deter-

mined, is always positive for any possible values of the vari-

ables, the phase or system of phases will be stable with respect
to the formation of any new phases of its components. But if

the expression is capable of a negative value, the phase or sys-

tem is at least practically unstable. By this is meant that,

although, strictly speaking, an infinitely small disturbance or
change may not be sufficient to destroy the equilibrium, yet a
very small change in the initial state will be sufficient to do so.

The presence of a small portion of matter in a phase for which
the above expression has a negative value will in general be
sufficient to produce this result. In the case of a system of

phases, it is of course supposed that their contiguity is such
that the formation of the new phase does not involve any trans-

portation of matter through finite distances.

The preceding criterion affords a convenient point of depart-
ure in the discussion of the stability of homogeneous fluids.

Of the other forms in which the criterion may' be expressed,
the following is perhaps the most useful.

If the pressure of a fluid is greater than that of any other phase
</'able components which has the same temper-

ature and potentials, the fluid is stable with respect to the formation
of any other phase of these components ; but if its pressure is not

«* great as that of some such phase, it ivill be practically unstable.

Stability of fluids with respect to continuous changes of phase.—
In considering the changes which may take place in any mass,

we have often to distinguish between infinitesimal el

existing phases, and the formation of entirely new phases. A
phase of a fluid may be stable with respect to the former kind
of change, and unstable with respect to the latter. In this case,

it may be capable of continued existence in virtue of proper-
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the commencement of discontinuous changes.

But a phase which is unstable with respect to continuous

changes is evidently incapable of permanent existence on a

large scale except in consequence of passive resistances to

change. To obtain the conditions of stability with respect to

continuous changes, we have only to limit the application of

the variables in (14) to phases adjacent to the given phase.

We obtain results of the following nature.

The stability of any phase with respect to continuous changes

upon the same conditions with respect to the second

and higher differential coefficients of the density of energy

regarded as a function of the density of entropy and the densi-

ties of the several components, which would make the density

of energy a minimum, if

to the first differential coefncien

Again, it is necessary and sufficient for the stability with

respect to continuous changes of all the phases within any
given limits, that within those limits the same conditions should

ed with respect to the second and higher differential

*s of the pressure regarded as a function of the tem-

perature and the seve tich would make the

pressure a minimum, if the necessary conditions with respect to

the first differential coefficients were fulfilled

The equation of the limits of stability with respect to con-

tinuous changes may be written

(*±\ = 0,ot(*£\ =00, (15)

it specified or

jomponent the

sumx „ is regarded as relating.

Critical phases.—The variations of two coexistent phases are

sometimes limited by the vanishing of the difference between
them. Phases at which this occurs are called critical phases. A
critical phase, like any other, is capable of n+\ ind<

variations, n denoting the number of independently variable

components. But when subject to the condition of n
;

>-e. it is capable of only n— 1 independent varia-

tions. There are therefore two independent equations which
characterize critical phases. These may be written

It will be observed that the first of these equations is identical

with the equation of the limit of stability with respect to con

-

tM'M.n:- ' _ - I t < t -»! b] ,
, :i J, j

. ,., - 1 s:T'«m;o>i :tt

that limit. They are also situated at the limit of stability with

do
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respect to discontinuous changes. These limits are in general
distinct, but touch each other at critical phases.

Geometrical illustrations—lu an earlier paper,* the author
has described a method of representing the thermodynamic
properties of substances of invariable composition by means of
surfaces. The volume, entropy, and energy of a constant
quantity of the substance are represented by rectangular

s. This method corresponds to the first kind of

tal equation described above. Any other kind of

fundamental equation for a substance of invariable composition
will suggest an analogous geometrical method. In the present

paper, the method in which the coordinates represent tempera-
tart-, pressure, and the potential, is briefly considered. But
when the composition of the body is variab
equation cannot be completely represented by any surface or

finite number of surfaces. In the case of three components, if

we regard the temperature and pressure as constant, as well as

the total quantity of matter, the relations between £, m n m,, ra
a

may be represented by a surface in which the distances of a

point from the three sides of a triangular prism represent the

,.<.
,

, m
2 , m 3 , and the distance of the point from the

base of the prism represents the quantity £. In the case of

:.>.-::. :'.;:

plane curve. Such methods are especially u -

the combinations and separations of the components, and the

changes in states of aggregation, which take place when the

ring proportions to the tempera-

d.

Fundam tires.—From
the physical properties which we attribute to ideal gases, it is

easy to dedo >. The fundamental

equation in e, tj, v, and m for an ideal gas is

-'(- H-elogZ+ alog-)

where e denotes the base of the Naperian system

As for the other constants, c denotes the speci

j. Vol. XVI, No. W.—Dt:c, 1*7*.



450 J. W. Gibbs—Equilibrium of Heterogeneous Substances.

gas at constant volume, a denotes the constant value oipv+mt,
E and H depend upon the zeros of energy and entropy. The
two last equations may be abbreviated by the use of different

constants. The properties of fundamental equations mentioned

above may easily be verified in each case by differentiation.

The law of Dalton respecting a mixture of different gases

affords a point of departure for the discussion of such mixtures

and tne establishment of their fundamental equations. It is

found convenient to give the law the following form:
The pressure in a mixture of different gases is equal to the sum

of the pressures of the different gases as existing each by itself at the

same temperature and vrith the same value of its potential.

A mixture of ideal gases which satisfies this law is called an

ideal gas-mixture. Its fundamental equation in jp, t, fi t
, /tt„ etc.

is evidently of the form

p=2X 1
e *

l

t
°'

e
M

/, (20)

where I
I
denotes summation with respect to the different com-

ponents of the mixture. From this may be deduced other

fundamental equations for ideal gas-mixtures. That in <fr,
t, v,

^= ^(E 1
m

1
+m

1
«(c

t
-.H

1
-c

1
log«+ «iIog^1)). (21)

Phases of dissipated energy of ideal gas-mixtures.—When the

proximate components of a gas-mixture are so related that

some of them can be formed out of others, although not neces-

sarily m the gas-mixture itself at the temperatures considered,

there are certain phases of the gas-mixture which deserve

especial attention. These are the phases of dissipai-

i. e., those phases in which the energy of the mass has the least

value consistent with its entropy and volume. An atmosphere

of such a phase could not furnish a source of mechanical power
to any machine or chemical engine working within it, as other

phases of the same matter might do. Nor can such phases be

by any catalytic agent A perfect catalytic agent would
reduce any other phase of the gas-mixture to a phase of dissi-

pated energy. The condition which will make the energy a

minimum is that the potentials for the proximate components
shall satisfy an equation similar to that which expresses the

relation between the units of weight of these components. For

example, if the components were hydrogen, oxygen and water,

since one gram of hydrogen with eight grams' of oxygen are

chemically equivalent to nine grams of water, the pote
these substances in a phase of dissipated energy must satisfy

the relation

Mn + 8Mo = 9pw.
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Gas-mixtures with convertible components.—The theory of the
phases of dissipated energy of an ideal gas-mixture derives an
especial interest from its possible application to the case of
those gas-mixtures in which the chemical composition and
resolution of the components can take place in the gas-mixture
itself, and actually does take place, so that the quantities of
the proximate components are entirely determined by the
quantities of a smaller number of ultimate components, with
the temperature and pressure. These may be called gas-

mixUies ivith convertible components. If the general laws of
ideal gas-mixtures apply in any such case, it may easily be
shown that the phases of dissipated energy are the onl

which can exist. We can form a fundamental equation which
shall relate solely to these phases. For this end. we first form
the equation in py ^ /»,, fk9i etc. for the gas-mixture, regarding
its proximate components as not convertible. This equation
will contain a potential for every proximate component of the
gas-mixture. We then eliminate one (or more) of these poten-
tials by means of the relations which exist between them in

virtue of the convertibility of the components to which they
relate, leaving the potentials which relate to those substances
which naturally express the ultimate composition of the gas-

The validity of the results thus obtained depends upon the

applicability of the laws of ideal gas-mixtures to cases in which
chemical action takes place. Some of these laws are generally
regarded as capable of such application, others are not so

regarded. But it may be shown that in the very important
case in which the components of a gas are convertible at certain

temperatures, and not at others, the theory proposed may be
established without other assumptions than such as are gen-
erally admitted.

It is, however, only by experiments upon gas-mixtures with

convertible components, that the validity of any theory con-
cerning them can be satisfactorily established.

The vapor of the peroxide of nitrogen appears to be a mixture
of two different vapors, of one of which the molecular formula is

double that of the other. If we suppose that the vapor con-
forms to the laws of an ideal gas-mixture in a state of dissipated
energy, we may obtain an equation between the temperature,
pressure, and density of the vapor, which exhibits a somewhat

^cement with the results of experiment.

K'lui'nhriam of stressed solid*.—The second paper commences
w »th a discussion of the conditions of internal and external

im for solids in contact with fluids with regard to all

possible states of strain of the solids. These conditions are

deduced by analytical processes from the general condition of
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equilibrium (2). The condition of equilibrium which relates

to the dissolving of the solid at a surface where it meets a fluid

may be expressed by the equation

Mi==
i^ll±Pl

j
(22)

where e, 9, % and m
x
denote respectively the energy, entropy,

volume, and mass of the solid, if it is homogeneous in nature
"

1,—otherwise, of any small portion which

sure in the fluid and therefore one of the principal pressun

in the solid, and t the temperature. It will be observed that

when the pressure in the solid is isotropic, the second member
of this equation will represent the potential in the solid for the

substance of which it consists [see (9)], and the condition

reduces to the equality of the potential in the two masses,

just as if it were a case of two fluids. But if the stresses in

the solid are not isotropic, the value of the second member of

the equation is not entirely determined by the nature and state

of the solid, but has in general three different values (for the

same solid at the same temperature, and in the same state of

strain) corresponding to the three principal pressures in the

solid. If a solid in the form of ;i right parallelopiped is sub-

ject to different pressures on its three pairs of opposite sides by
fluids in win. - - - > 1

- - _ ,
-> i

r v for equi-

librium that the composition of the fluid- -Km'-' '• < different.

The fundamental equations which have been described above

are limited, in their application to solids, to the case in which

the stresses in the solid are isotropic. An example of a more

general form of fundamental equation for a solid, is afforded

by an equation between the euergy and entropy of a given

quantity of the solid, and the quantities wh
of strain, or by an equation between (p [see (3)] as determined

for a given quantity of the solid, the temperature, and the

quantities which express the state of strain.

Capillarity.—-The solution of the problems which precede

may be regarded as a first approximation, in which the peculiar

Btate of thermodynamic equilibrium about the surfaces of dis-

continuity is neglected. To take account of the condition of

things at these surfaces, the following method is used. Let us

suppose that two homogeneous fluid masses are separated by a

surface of discontinuity, i. e., bv a very thin non-bon
film. Now we may in rigs in which each of

the homogeneous masses extends without variation of the densi-

ties of its several compon. tit-, m , f r . . . It n-iti ^>tu '^ - "'

entropy, quite up to a _ • to be called the divid-
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ing surface) at which the masses meet. We may suppose this
surface to be sensibly coincident with the physical but .. e of

uity. Now if we compare the actual state of things
with the supposed state, there will be in the former in the
vicinity of the surface a certain (positive or negative) excess of
energy, of entropy, and of each of the component substances.
These quantities are denoted by e

s
, -f, mf, m|, etc. and are treated

/'.- to the surface. The * is used simply as a distin-

guishing mark, and must not be taken for an algebraic exponent.
It is shown that the conditions of equilibrium already

obtained relating to the temperature and the potentials of the

homogeneous masses, are not affected by the surfaces of discon-
tinuity, and that the complete value of des is given by the

des=t dtf+cf cfa+jw, c?m?+yu2 6m\+ etc. (23)

in which s denotes the area of the surface considered, t the tem-
perature, fiu jOg, etc. the potentials for the various components
in the adjacent masses. It may be, however, that some of the

components are found only at the surface of discontinuity, in

which case the letter fi with the suffix relating to such a sub-
stance denotes, as the equation shows, the rate of increase of

energy at the surface per unit of the substance added, when the

entropy, the area of the surface, and the quantities of the other

components are unchanged. The quantity <rwe may regard as

defined by the equation itself, or by the following, which is

obtained by integration

:

e
s= t Tf+ffS+Mt wf-f/#, m*+ etc. (24)

There are terms relating to variations of the curvatures of

* which might be added, but it is shown that we can
give the dividing surface such a position as to make these terms
vanish, and it is found convenient to regard its position as thus

I j ,v j'o a\ v -., nsibly coincident with the physical

surface of discontinuity. (Yet in treating of plane surfaces,

this supposition in regard to the position of the dividing surface

times convenient to suppose that
its position is determined bv other considerations.)

With the aid of (23) t! eYen i i . undition of equilibrium
for contiguous homogeneous masses is found, viz:

ff^+r^p'-y, (25)

where p\ p" denote the pressures in the two masses, and r,, c,

pal curvatures of the surface. Since this eq Lation

has the same form as if a tension equal to a resided at the sur-

face, the quantity a is called (as is usual) the superficial tension,

: -.<:.; •;; :-•.;..., .-'••:'..!
: -

" .:.:
Honed is called the surface of tension.
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By differentiation of (24) and comparison with (23), we obtain

dff=-?hdt-ri dp< i
-r,djji

— etc., (26)

where Jfa ru T2, etc. are written for -£, —\ — , etc., and de-

-
-

Wei
erficial densities of entropy and of the various sub-

j may regard a as a function of t, fa, fa, etc., from

which if known 7js , rh JJ, etc. may be determined in terms of

the same variables. An equation between <r, t, fa, fa, etc. may
therefore be called a fundamental equation for the surface of dis-

continuity. The same may be said of an equation between e
8

,

if, s, m\, mf , etc.
<

It is necessary for t rface of discontinuity

that its tension shall be as small as that of any other surface

which can exist between the same homogeneous masses with the

same temperature and potentials. Beside this condition, which
relates to the nature of the surface of discontinuity, there are

other conditions of stability, which relate to the possible motion

of such surfaces. One of these is that the tension shall be posi-

tive. The others are of a less simple nature, depending upon the

extent and form of the surface of discontinuity, and in general

upon the whole system of which it is a part. The most simple

case of a system with a surface of discontinuity is that of two

coexistent phases separated by a spherical surface, the outer mass
being of indefinite extent. When the interior mass and the

surface of discontinuity are formed entirely of substan
are components of the surrounding mass, the equilibrium is

al\Y;i\ - i istaUh' ; in other cases, the equilibrium may be stable.

Thus, the equilibrium of a drop of water in an atmosphere of

vapor is unstable, but may be made stable by the addition of a

L The analytical conditions which determine the

stability or instability of the system are easily found, when the

temperature and potentials of the system are regarded as known,
as well as the fundamental equations for the interior mass and
the surface of discontinuity.
The study of surfaces of discontinuity throws considerable

D the subject of the stability of such phases of fluids

as have a less pressure than other phases of the same compo-
nents with the same temperature and potentials. Let the pres-

sure of the phase of w 3 in question be denoted

by p', and that of the other phase of the same temperature and

potentials by p". A spherical mass of the second phase and of

a radius determined by the equation

2<7 = (^-y)r, (27)

would be in equilibrium with a surrounding mass of the first

phase. This equilibrium, as we have just seen, is instable, when
the surrounding mass is indefinitely extended. A spherical



J. W. Gibhs—Equilibrium of Heterogeneous Substances. 455

mass a little larger would tend to increase indefinitely. The
work required to form such a spherical mass, by a reversible

a the interior of an infinite mass of the other phase,
is given by the equation

W=<f8-(p'-p')v'. (28)

The term as represents the work spent in forming the surface,
and the term (

p"
'
— p') v" the work gained in forming the inte-

rior mass. The second of these quantities is always equal to

two-thirds of the first. The value of W is therefore positive,
and the phase is in strictness stable, the quantity W afford-
ing a kind of measure of its stability. We may easily express
the value of W in a form which does not involve any geo-
metrical magnitudes, viz:

where p", p' and a may be regarded as functions of the tempe-
rature and potentials. It will be seen that the stability, thus
measured, is infinite for an infinitesimal difference of pressures,
but decreases \ery rapidly as the difference of pressures
increases. These conclusions are all. however, practically lim-

ited to the case in which the value of r, as determined by
equation (27) is of sensible magnitude.
With respect to the somewhat similar problem of the stabil-

ity of the surface of contact of two phases with respect to the

formation of a new phase, the following results are obtained.
Let the phases (supposed to have the same temperatu

tls) be denoted by A, B, and C ; their pressures oy pA,

Pb and pc ; and the tensions of the three possible surfaces <rAB,

''bc, <*ac- If pc is less than

^Bci?A + (>acPb

there will be no tendency toward the formation of the new
phase at the surface between A and B. If the temperature or

la are now varied until pc is equal to the above expres-
sion, there are two cases to be distinguished. The tension a^
will be either equal to <7AC -f- <rBC or less. (A greater value
could only rekte to an unstable and therefore unusual surface.)

I f ^ab = <rAc + 0bc, a farther variation of the temperature or

,
greater than the above expression, would

cause the phase C to be formed at the surface between A and
B. But if a^< <rAC + <rBC , the surface between A and B would
remain st* h diminishing stability, after pc
has passed the limit mentioned.
The conditions of stability for a line where several surfaces^

°f discontinuity meet, with respect to the possible formation of
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a new surface, are capable of a very simple expression. If the

surfaces A-B, B-C, CD, D-A, separating the masses A, B, C,

D, meet along a line, it is necessary for equilibrium that their

tensions and directions at any point of the line should be such

that a quadrilateral a, fc y, d may be formed with sides repre-

senting in direction and length the normals and tensions of

the successive surfaces. For the stability of the system with

reference to the possible formation of surfaces between A and
C, or between B and D, it is farther necessary that the tensions

<rAC and <rBD should be greater than the diagonals ay and ftd

respectively. The conditions of stability are entirely analo-

gous in the case of a greater number of surfaces. For the

conditions of stability relating to the formation of a new
phase at a line in which three surfaces of discontinuity meet,

or at a point where four different phases meet, the reader is

referred to the original paper.
Liquid films.—When a fluid exists in the form of a very

thin film between other fluids, the great inequality of its exten-

sion in different directions will give rise to certain peculiar

properties, even when its thickness is sufficient for its interior

to have the properties of matter in mass. The most important

case is where the film is liquid and the contiguous fluids are

gaseous. If we imagine the film to be divided into elements

of the same order of magnitude as its thickness, each element

extending through the film from side to side, it is evident that

far less time will in general be required for the attainment of

approximate equilibrium between the different parts of any
such element and the contiguous gases than for the atl

of equilibrium between all the different elements of the film.

There will accordingly be a time, commencing shortly after

the formation of the him, in which its separate elements may
be regarded as satisfying the conditions of internal equilibrium,

and of equilibrium with the contiguous gases, while they may
not satisfy all the conditions of equilibrium with each other.

It is when the changes due to this want of complete equilib-

rium take place so slowly that the film appears to be at rest,

except so far as it accommodates itself to any change in the

external conditions to which it is subjected, that the character-

.

erties of the film are most striking and most sharply

defined. It is from this point of view that these bodies are

dis-ussed. They are regarded as satisfying a certain well-

defined class of conditions of equilibrium, but as not satisfying

at all certain other c-
i 1 be necessary for

complete eM , -„.,„.,. ,,f < v | ids they are subject

to gradual changes
! I nitimatelv determine their rupture.

The elasticity of a film (i. e., the increase of its tension when
extended,) is easily :, .v> from the general
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given above that, when a film has more than one com-
ponent, those components which diminish the tension will be
bond in greater proportion on the surfaces. When the film is

•attended, there will not be enough of these substances to keep
up tin- same volume- and surface-densities as before, and the
'I'" '..v \ «!I! i; ,in. a .•rta.n increase of tension. It does not
follow that a thinner film has always a greater tension than a
thicker formed of the same liquid. When the phases within
tie 61ms as well as without are the same, and the surfaces of
the films are also the same, there will be no difference of ten-

sion. Nor will the tension of the same film be altered, if a
part of the interior drains away in the course of time, without
ail- iirjf the surfaces. If the thickness of the film is reduced by

according to the relative volatility of its different components.
Let us now suppose that the thickness of the film is reduced

until the limit is reached at which the interior ceases to have
tl |u -perties of matter in mass The elasticity of the film,

which determines its stability with respect to extension and
«•;/.::. :.. 'a doc. n,,t \;inV!! at this limit. But a certain kind
'i -ml !it\ Aid _ neralh ari-< in virtue of which inequali-

ties in the thickness of the film will tend to increase through
• of the film. This probablv leads to the

<hstr, ction of t! e film, in the ca.-e of mo<t liquid'-. In a film
of soap-water, the kind of instability described seems to be

in th br< iking oo< e4 the black spots. But the
sudden d min it n in th < ki -s v hi< h take- pla< e in parts of
the film is arrested by some unknown cause, possibly by vis-

cous or geiatiiious properties, so that the rupture of the film

ell mav be regarded as the type. With

s for the ions and the electrical poteuti

on mav be noticed :

Editions if equilibrium are fulfilled i

or d<rt o/ulic celt, the e ectr jmotive fore is equal to the dijjert re in

ill- vuj tea of the potentialJ ,ran<J in)) ut th- >nr!ur,.s if tin ihi'tn-des

mnh,/t nical equivi > t oj that "ion. the g
I oj an anion being at the same electrode as the greate eke-

The relation which exi ts between the electromotive force of

a perfect electro-chemical apparatus (i. e., a galvanic or electn lytic

s in the cell which aee.-nij-anv the passage of electr city,

may b expressed by the equation

de=(Y'-V")de + tdrf+dW<t+ dWt, (30)
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in which de denotes the increment of the intrinsic energy in

the apparatus, nty the increment of entropy, de the quantity

of electricity which passes through it, V and V" the electrical

potentials in pieces of the same kind of metal connected with

the anode and cathode respectively, dW G the work done by
gravity, and dWP the work done by the pressures which act on

the external surface of the apparatus. The term dWG may
generally be neglected. The same is true of c/W P , when gases

are not concerned. If no heat is supplied or withdrawn the

term tdrj will vanish. But in the calculation of electromotive

forces, which is the most important application of the equation,

it is convenient and — that the temperature

is maintained constant. Now this term tdx, which
the heat absorbed by the cell, is frequently neglected in the

consideration of cells of which the temperature is supposed to

remain constant. In other words, it is frequently assumed that

neither heat or cold is produced by the passage of an electrical

current through a perfect electro-chemical apparatus (except

that heat which may be indefinitely diminished bv in

the time in which a given quantity of electricity passes), unless

it be by processes of a secondary nature, which are not immedi-

ately or necessarily connected with the process of electrolysis.

That this assumption is incorrect is shown by the electro-

motive force of a gas battery charged with hydrogen and nitro-

gen, by the currents caused by differences in the concentration

of the electrolyte, by electrodes of zinc and mercury in a

solution of sulphate of zinc, bv <> [>rinri consideration-; based

on the phenomena exhibited in the direct combination of the

elements of water or of hydrochloric acid, by the absorption

of heat which M. Favre has in many cases observed in a gal-

vanic or electrolytic cell, and by the fact that the solid or

liquid state of an electrode (at its temperature of fusion) does

not affect the electromotive force.

Aet. Lin.— On an Anatomical Peculiarity by which Crania ,/lht

M'.'tnrthnHd,,-* K, « or 'I- Jlo'b-ru

Indians;* by W. J. McGee, Farley, Iowa.

The difficulty of determining whether a skull from a mound
belonged to a modern Indian or to an individual of the mys-
terious rai e which erected the mound- <>f tie- Mi-i-*ppi Val-

ley is well known ; and so complex is the problem that only

an anatomist of long experience and tried skill can satisfac-

torily solve it. Even then it frequently happens that "doctors
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disagree;" as when Col. Foster, at one time president of this
Association, declared that the only cranium figured by Squier
ami Davis in their great work on the "Ancient Monuments of
the Mississippi Valley" as representative ol tin cranial struc-
ture of the Mound-builders, did not belong to that race at all.

Any observations throwing light on the question of the rela-

tions of these crania will therefore be of practical value.
The writer has made a pretty thorough study of the archae-

ology of northeastern Iowa, and has examined several skulls

d in that region, as well as some from Wisconsin, Illi-

nois and Kentucky. The total number of Mound-builders'
crania examined will not, however, exceed fifty or seventy-five

;

and a part of these were fragmentary. Hence the observations
cannot be considered to afford a perfectlv reliable guide in the

•ion of crania, and too great "weight should not be
attached to them until verified by authentic cases of a similar
nature from other quarters. At present they have but a pro-
visional significance. The stru- I ?hich has
been found to be a more trustworthy distinguishing feature

• ces in the capacity or general contour of the skulls,

relative length and breadth, thickness of walls, or condition
and state of preservation of the bone, is. the greater relative
size of the posterior molars or "wisdom teeth" in both maxil-
laries of the Mound-builders' crania than in those of the recent
red race. Mea<

of this paper was occasioned
reading on yesterday morning of an archaeological papei

-" lrt . which tunc -|)tH-inicn< from which dim- n-ams
could be taken have not been accessible.

Aside from the simple difference in relative size of the pos-

terior and anterior molars, it seems that the " wisdom teeth"

were earlier developed in the individuals of the Mound-
building mce than in either the Indian or the white man.
It is well known that the posterior molars do not usual Iv

appear in civilized man until near maturity. Exceptions to
this rule are not infrequent but thev mav be pin down as

cases of reversion. That this is warrantable will be more
obvious further on. Again, these teeth are rarely so fully

developed during the lifetime of the individual, in the white
races, as to have their grinding surfaces worn dc ,

by the imperfect anchylosis «

tares to easily occur along tl

complete decomposition of tin
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teeth have been found fully developed an 1 the grindin.g sur-

face n o.-trly or quite as far worn down as in their anterior

n< _'
- >rs. In more mature crania the surface of the pos-

terior molar is usually the largest and apparently the most

worn down. Hence in the Mound-builder this tooth was not

by any means rudimentary, but was a useful organ throughout

nearly the whole of the lifetime of its possessor.

The corresponding tooth of the modern Indian occupies—if

the Indian crania ex.-.mii ed were typical, as they seemed to be

—an intermediate stage in development between that of the

Mound-builder on the one hand and that of the Caueassian on

the other. As to the period at which the tooth makes its

appearance and when it read < - it- ful d< v< 1< pun nt, the writer

has been able to learn nothing thus far. Tins point seems to

have escaped the notice of ethnologists heretofore. The dif-

ference in relative size and in the comparative maturity of

these teeth is sufficient, however, in nearly all the specimens

examined, to allow of their re;idy determination. Neverthe-

less this rule could not be indiscriminately applied, as due

allowance must be made for differences in age, etc., of the

individual: but with care and judgment the writer is con-

vinced that it is competent.
The greater development of the posterior molars seems to

be common to the lower and earlier races. This peculiarity

has been observed in several of the fossil skulls ot
;

man exhumed in Europe, as in the jaw-bone from the cave of

Naulette, Belgium, in which, as reported by the Belgian geolo-

gists, the molar teeth increased in size backward. Dr. E.

Lambert, of Brussels, has recently made an extensive collection

of crania of various races, and* has found that the posterior

molar is relatively larger, not only in the red but in the

black races than "in the Caueassian. The dentation of the

yellow races, however, corresponds more nearlv with that of

the white- So far as known to the writer Dr. Lai
not noted the period of development of these teeth in any of

the races.

This morphological variation in the different stocks of man-
kind is pro! & the principle of cephaliza-

tion if not directly It has been shown

i papers are given
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in the Eocene Dinoceras and Corvphodon, in the Mi<
Brotitotbermm, and in the Pliocene Mastodon. Bui
researches of Marsh, Leidv, Cope, iiavden and others, ii

Cretaceous and Tertiary beds of the western territories

shown us that there is a concurrent tendency toward a dec
in size of the posterior and increase in size of the ant
molars observable in perhaps an v class of mammals wine
may examine. The tendency i>' ]n<i -.» piainh marked ;,s

toward in.-r.-.. -
, toward comoactnes.

And it is probal

.-d Is tin r< tiv.~*MZ. ..t t<
! olarl -

>'
the - -

of it< brain-ease < -r by the presence or : b-enee of certain bones
of manus or pes. Casual statements to the effect that the rela-

tive size oi < varies inversely as the volume

cussion of the true significance of such r lalion-: and their

practical bearing on the work of the determination of native
American crania seems to have been wholly overlooked, as it

certainly was in the discussion of yesterday.

Planters' Hotel, St. Louis, Aug. 23, 1878.

Royal College of Science i

1. From direct observation we are able to obtain only a very

erust of the earth.° The depth to whi h we can p netrate b\

n _ |

i to this crust i <

!
*

-wledgeof
the earth's interior in comparison led by the

M-r. while lT'-< >1< >_;]-r- ; ,.t\ - e-ta h-'.ed that many
rtares in the earth's era* have

-.:-:
. . :•-

- - - . T!,.-

From the Phfl
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supposition that this fluid fills the whole interior, and that the

solid crust is a mere exterior envelope, is usually designated as

the hypothesis of internal fluidity. From this hypothesis
- of primary importance in terres-

trial physics may be deduced.
Newton, Clairaut, Laplace, Airy, and other illustrious mathe-

maticians have used an extension of this hypothesis in discuss-

ing the earth's figure. They supposed the particles composing
the earth to retain the same posil itioo as that

which they held before it I ventured, for the first time, to

discard the latter portion of the hypothesis as useless and con-

trary t<> physical laws. I now venture to say that, in framing

any hypotheses as to the physical character of the matter of the

earth, we should not affix any property to the supposed matter

which is opposed to the properties observed in similar kinds of

matter coming under our direct observation. Observation has

disclosed that liquids are in general viscid, and that they pos-

sess what has been designated internal friction in a high

degree.* Observation has recently shown that among the three

states of matter (gaseous, liquid and solid) a law of continuity

exists. Observation also discloses that gases and vapors are,

of all forms of matter, the most compressible, that liquids are

much less compressible, and that solids are .still less compres-

sible. Thus, for instance, water is about fourteen times more
compressible than copper or brass.

2. If these general comparative properties of liquids and
solids are admitted, it follows that in the hypotheses r

f)tion directly in contradiction to such pro-

perties. By assuming that the earth contained a tl;

devoid of viscidity and internal friction, the late Mr. Hopkins

attempted to prove the earth's entire solidity. He only proved

that it did not contain any of this imaginary fluid ;
but he by

no means proved the non-existence of a liquid pofl»

properties of viscidity and internal friction common to all

liquids. In the Gomptes Rendus of the Academy of Sciences

of Paris for 1871 is a paper in which I have given a resume of

the arguments against Mr. Hopkins's conclusions as to the

earth's complete solidity; and in the subsequent dffleaaskM i

my priority on this matter seems to have been fairly and
honorably acknowledged.! In a recent admirable work on
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Qfcology, Pfaffs G-rundriss der Geologie, the author gives a
brief account of the bearing of astronomical and mathematical
investigations on the internal structure of the earth

; and he
v-r\ ji ~t.lv says that the results of observation compel us to
regard the earth as for the most part fluid, in order to bring
these results into harmony with calculation. Professor Pfaff

3 this conclusion to Hopkins, whereas it is precisely

that which I had long si

to the views of Mr. Hopkins. More recently Si

Thomson and Mr. Darwin have investigated the" tidal action of

tcleos upon its containing solid shell. They
have both supposed the liquid to be totally incompre.--

- ! to be elastic and therefore con:
They have thus given the liquid a property which do
existence possesses, and the solid a property which solids pos-

less degree than liquids. Their hypothesis is

is a part of the problem of inquiry

i earth's structure. I at once admit that a thin elastic

il envelope filled with incompressible liquid and sub-
jected to the attraction of exterior bodies would present period-
ical deformations, owing to tidal action far surpassing the tides
of the ocean. But I do not admit that such impossible sub-
stances can represent the materials of the earth. My hypothe-
sis is that tl natter, instead of being incompres-
sible, is, like all liquids we observe, relatively far more com-
pressible than its solid envelope. A highly compressible liquid

I in a very much less-compressible shell would be a

lis more in harmony with physical observation. The
tidal phenomena of a compressible fluid, it is easy to see,

would be very different from those of an incompre?^
The work done by the action of certain disturbing bodies in

the strata of compressible fluid would partly result in causing
variations of density, instead of producing tidal waves of great

magnitude. This has been already shown in the Mecanique
Celeste by Laplace, in discussing the tides of the atmosphere.
Theory shows that the atmospheric tides should be nearly in-

sensible, notwithstanding the great depth of the atmospheric
column, because the work done in the atmosphere is very dif-

ferent from what is performed in the less-compressible water of
the ocean. Observation has fully verified this result

3. It is admitted that the earth's density increases from its

surface toward its center. If its interior is occupied by a

compressible fluid, the law of density of this fluid would result

from the compression of its own strata
;
just as the law of den-

sity of the atmosphere is produced by the pressure of the upper
atmospheric layers upon those below. But instead of suppo-
sing the interior of the earth to be filled by a fluid thus con-
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forming to the observed properties of fluids, both Sir Wdhant
Thomson and Mr. Darwin have applied their great powers as

accomplished mathematicians to the tides ot an incompressible

and homogeneous spheroid, such as I admit to have no real

existence whatsoever.

4. The labor bestowed on the problem investigate'! could

scarcely be considered at all necessarv or fruitful, except as

alibi , i_ an admirable illustration of the results flowin- bom
the employment of hypotheses framed in direct contradiction

to the fun h. - to which every truly philosophi-

cal hypothesis must conform. It is scarce!;, n <• — ar\ ; • Id,

that the conclusions of Mr. Darwin, as well as those of Sir Wil-

liam Thomson, cannot be considered as having invalidated the

carefully fi of a solid

crust physically similar to the rocks we are enabled to observe,

and a contained spheroid of liquids and physically similar to

the liquid rock poured out by volcanic openings.

5. Tt is with much satisfaction that 1 can tra^e a gradual

growth of more correct physical views on the questions referred

to in this paper. In Nature, vol. v, p. 288, a paper appeared

in which I ventured ! . a Thomson's memoir
on the Rigid it -of r

; 1( . K u-th. in t m Phil -

At tie M- r«n_i of th • Bi tidi : .w, Sir Wil-

liam Thomson acknowledged the invalidity of many of Ids

argumente, and requested his audience to' draw their pens

through paragraphs from 23 to 31 in his paper. These para-

.; ..;.- • ;
^ e ^: ' a. ;- :.,b

shown to be inconclusive in the paper which has- just been

quoted.

In Mr. Darwin's paper, recently communicated to the Brit-

-

ain! 'il.il phenomena of a viscous liquid, the supposition of an

eht-tu q>hm .id would leid to i >j <h,i ,, t r^ulcs—that is to

say, results very different from those deduced by himself and

Sir Willi;. . the ,-arth's Structure, and

which the followers
assumed to be established. Thus the late Mr. P i I

appears to have referred to the bearing of the ma".;

led to, on what he calls "the sc

idea" of an internal incandescent fluid beneath the -

of the earth. He forgot that an idea may not be the less true

because it is sensational. The idea of antipodes was at one

time regarded as highlv sensational. Those who witness a

great earthquake or v. leanic eruption are usually impressed
'

- a ;.-..
:.

' a:.

o. A traveller who was in Portugal more than fori

since, met a woman over one hundred years of age,
"

forty years
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her if she recollected the great earthquake of Lisbon. She
at it was the event of all others in her long life

which she ought to vividly recollect, on account of its

sive sensations. History also records the sensational character
of the destruction of Pompeii. If Mr. Scrope's innuendo re-

iv internal fluidity of the earth as " a sensational hypo-
is any value, we should regard the events referred to

as highly improbable; yet they have been as well authenti-
cated as the most positive facts in science, and no person has
ever expressed the smallest shadow of a doubt as to their occur-

The following notes are selected from a large mass of descrip-

tive material, collected by the writer during recent under-
ground explorations in some of the States of the Mississippi
Valley.

1. Silurian Caves.—Especial attention was paid to these caves
m view of the "grave doubts" of a distinguished geologist
" whether in a single case they extend much beyond the light
of day."* His remark refers to the upper hundred feet of the

•
i group. An excellent opportunity for the study of

caves in this Lower Silurian rock is afforded in bluffs about
Madison. ! > t'eet from the thin str:ita char-

acteristic of that formation, to the massive rocks of the Niagara
limestone. Each stream, as it plunges down from the table-land

above, washes out the lower layers, leaving the upper as an
overhanging ledge. In time, the shallow grotto behind the

cascade expands into a spacious amphitheater, 200 or 300 feet

wide and nearly as many deep. The roof generally falls by its

own weight when these dimensions are exceeded ; and the
result is finally a ravine with steep walls, encumbered below
with large fragments of stone. An examination of the region

for twenty miles north of Madison led to our discovering, not

3, natural wells, rock-houses and water-swept chasms,
hut also true caverns, whose roof is the solid limestone of the

Upper Silurii \ ation itself is in the softer rocks
of the Lower. Two miles west of Hanover, Indiana, is a stream
; t fl >\vs toward the Wabash from the very banks of the

Ohio. It emerges from a tunnel which is e:isil\ threaded for

half a mile, and continues uncovered for fifty feet; and then

* Geological Survey of Kentucky (Shaler), vol. i, p. 4.

Am. Jol-r. Sci.—Tuikd Series, Vol. XVI, No. 96.—Dec, 1878.
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it again recedes by a second opening. We followed its course

through roomy halls rich in stalactites to a waterfall fifteen feet

high, ..here the exploration terminated. The entire distance

traversed was, by estimate, one mile and a half—a greater

:ui that of Weyer's Cave. The credit of di

this Silurian cavern belongs to Messrs. Monfort and Thomson;
and as it is now for the first time described, it may be appropri-

ately named the Hanover Cave.

2. Sub-Carboniferous Caves.—The procedure of the brook
described above is reversed in the case of Lost River, which.

after receivi increasing in volume, flows into

a cavernous opening and continues for miles along a subter-

ranean channel, alternately rising to the surface and sinking

again <^e\erd times before it finally emerges a mile below
Or i!_e ville. Indiana. These "rises" as they are called, are

generally marked by gulfs denoting the fall of superincumbent
rocks ; at one of them a small boat has been put upon the

stream, it having been found to be navig; bh-i'<>ra Imh- distance

under ground. Lost River flows amid bluffs of the Sain? Louis

group, carved by erosion into numerous ravines and sink-holes,

and the latter so thoroughly underdrain the region as to cause

a remarkable absence of springs, brooks and ponds.
These phenomena are instructive as to the production of the

countless caves that honey-comb the Sab-carboniferous rocks of

Kentucky and Southern Indiana. A compact and homogene-
ous limestone, varying from 25 feet to 440 feet in measured
tlii -e iss, lies between the surface and the level of natural

dra I _ subj t t< t dissoh >j lei b i_ etion of run-

galleries and avenues, presenting wonderful and grotesque

combinations to the explorer when the stream tie t lias • ius« d

them is withdrawn to some other channel. The slow
of limewater furnishes materials for the growth of stalactites

that tend to gradually close up and obliterate these deserted

halls. Should Lost, River find another channel, the cave which

would remain might equal in proportions any hitherto dis-

covered. There are no doubt numerous unexplored and name-
less caves that would richly reward those* whose love of

adventure should lead them to follow out their ramificationa
i' 8 estimates that, in Kentucky, "there are at

1,000 miles of open cavern beneath the surface of the

ms limestone ;" and mv own observations lead to

the conclusion that there are thousands of miles of such sub-

nues beneath the same form irhm in Indiana. Yet

public should be cautions in vielding credence to cave-

•ies. Articles appeared in L<>uWilh> ]:•}><]•> less than a

r ago, and were copied and believed in this country, and
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even found their way into foreign periodicals, that purported
t<; 'If.-'-rilif tin- "(iu tid (drv>tal Cave near ( rhi^.w, Kentucky"
giving thrilling particulars of a perilous voyage on its mysteri-
ous waters. We ascertained by inquiry on the spot that no
such cave exists; and have learned by "experience that cave-
streams are generally very safe and placid bodies of water, by

'!.' fact that thev are not of navigable size until the
level of adjacent streams is nearly reached.

3. Mammoth Cu; is visited by more than 2,000 persons
;iiiiiii;illy, and its noteworthy features have been repeamdlv
•'--

;i •<]. Tourists are usually content with either the Short
or the Long route, both of which can be traversed in a single
day. We, however, were favored with a special guide, and
devoted many successive days to localities not often visited.
Alter eighty miles of underground travel, our curiositv was
satiated: and yet we had entered only 54 of the 225 avenues
reported by Professor D. D. Owen as actually enumerated.

atively recent discovery of a pit-like passage called

nee, not only because it enables
the vUjr.-irs to cut off two miles between the Rotunda and River

I 'eel : bur also because it proves
r! ' tti« >n di t th< iiui io-< - it* < v n tu k. v,, tl it a i h m_t

the - tire cap. It is now believed that the

ugh
rot-U i- id. ntic. I - ith ti at r the head of the

1 is a feeder of that stream. It is also proved, tha

gable rivers, instead of being fed by Green River, flow

:»f that stream. It is also proved that these deep
•Ul1 "Hvigaoie rivers, instead of being fed by Green Ri
nto it. Chaff thrown upon the surface of Lake Lethe r

time m the waters of what is known as the Upper: while that thrown upon Echo River comes out at
the Lower spring. The tact that Green Rb r tl re{ le

] ^'*d \| >. -
, ,,, i

1

] M t\ of it- ne\er being frozen over
ev e" in th • coldest winter. It may be added that as the water^
}eye\ is known to be 312 feet below the crest of the hill cover-

rface, and must also be
the lowest Jollities ]

o— |l>!e. Hence no dom. in Mammoth
r

\ f
< die, I ;U2 f <*i in lit Jit with, it cutting through

statements

ters v - - -V te- re ti rl\ o idle

wbiU tb.e\ should be. The grandest o[ th -e vertical' cavities.

, - (ll -h,I:- ..h ; .ox- th . i-h ad th .

down to the water level, is called, bv wav of eminence, the

Maim ?h h, ,. IVwmd it In- a .f..M> t . - hke the

, :

i;m Temple. Here stand six cod,, mis of oolitic mile-

stone encrug but an inch or two
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The acousti.

extraordinary.

than one mile in length and to be forty or fifty feet deep. The
continued arch of natural masonry by which it is spanned, varies

I from three to thirty feet. The echo is a musical pro-

an a distinct repetition of words,

although this also may be obtained. Harmonics were produced
in reponse to certain key-notes. A strong vocal impulse was

- hied vigor for fifteen seconds, and in the

opinion of others for a longer time; the duration d<

much on our location on the water, the purity of tone, the

| atch and the energy of the o nous. By
silently but forcibly pushing the water to and fro with a broad

successive wavelets were sent into numerous marginal
cavities, awakening chimes that continued for from three to ten

minutes according to the violence of the agitation, dying away
as the river regained a state of quiescence.
The average temperature of the cave has long been reported

incorrectly to be 59° Fahr. T
made by us in all parts of the cave that we visited, using a

thermometer from the Tower Company, Chester, Pennsylvania,

which indicated 88° in the hotel office (August 19th, 1878,) and
66° at the cave's mouth. We were careful to suspend the

instrument by its ring in each instance, and to hold it at a dis-

tance from the person and the lamp
;
particulars about which

v not have taken sufficient pains. The mercury stood

a the Rotunda, where it reached 58°. The lowest

re was found in Lucy's Dome, namely, 54°. It was

57 in three places: but in forty-two obset \

;

stood at 56°. The water in all the rivers was also at 56%
In th ree springs the mercury

fell to 53°, and in one, Eichardson's Spring, to 52°, which was
the lowest degree marked anywhere. The temperature of the

rivers is identical with that of the atmosphere over them ;
the

-•^parent difference being due to variation in conductivity.

he average temperature of the cave may be fixed at 56°.

4. Wyandot Cave.— The entrance to Wyandot cave is in

8
*. vvyanaoi Lave.— xue entrance to Wya

Crawford County, Indiana, half a mile from Bh
;; the Ohio. A map of the cave was prepared by Dr.

Talbot in 1852, revised by me in 1854, and published in Owen's
Indiana Geological Eeport, in I860. A new map is shortly to

Ling corrections and recent discoveries. The length
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of the cave is twenty-three miles, including all the avenues. It
has many fine halls and domes, the largest of which has a cir-

cumference of 1,000 feet, and is said to be 205 feet high. The
name has hitherto been Mammoth Hall ; but it is now re-named
Rothrock's Cathedral, to avoid confusion, and also as a tardy
recognition of the worthy man who originally purchased the
place from the government and left it as a heritage to his sons.

Wyandot Cave should be visited even by those who have
already explored the greater cavern of Kentucky: for it is far

richer in st, _e less abounding in

gypsum rosettes or "oulopkolites." The stalactites are of the
led translucent kind often called alabaster, and much

resembling the Mexican onyx.
Thermometrical observations, madt b\ the same instrument

and methods used in Mammoth Cave, showed that, while the
re of the outer air was 76°, that of Wvandot Cave
55|°. The highest temperature was found in the

Pillared Palace, 57° ; the lowest in the Wyandot's Council-room.W J elsewhere, out of twenty-two observations, an equal num-
ber indicated 55° and b*S°. In two springs the v. t r was found
to have a temperature of 52°, and in one of 54°. Thus. iustea< 1

of being, as has often been said, 6° colder than Mammoth Cave,''> colder.

An ii

students

ughs
a locality marked on the map a

a realm of chaos, named, after
Pits, miry banks, huge rocks, are overnung by galleries or

creamy stahu nte-,, Miiiio.lir tub - iht.irv,;< i. tic/m cata-

racts and all in short that nature could do in her wildest and
most fantastic mood. Among the many curiosities of this ex-

-. pawe- is a row of mu>ica! stalactites, very broad
and thin, on which a chord can be struck or a melody played

:
; hand. This discovery has stimulated research.

We ourselves followed the guide through a trench dug by him
in a clay-bank, into a chamber where the floor was thickly

strewn with charred fragments of hickory bark, and two
torches long extinct were sticking in a crevice in the low ceil-

ing. The tracks of some wild beast were also found which led
us to name the place the Wolf's Lair. The roof seems to have

aince the torches were left here; and our compass told

us that the closed avenue must have led to li.m-: tti lb. 1. .vith n

1,200 feet of the mouth. Animals of various kinds are known
to have frequented this cave in former days. We saw the

skeleton of an opossum and also of a wildcat, besides many
stout poles from five to i-ie.hr 1'cet lorn/, marked by dmrp te« th

in some ancient contest
' "Bear-slides" are shown in several
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places, where the rocks are blackem ! a id p >] shed as if by the

rubbing of fur. " Bear-wallows." are also pointed out ; but on

our recent visit we discovered this to be a misnomer.
Bands of black flint are found in the limestones of the south

arm of the cave, sometimes in continuous belts, but oftener in

rows of nodules varying in size from one to ten inches. Occa-

sionally they have a geodic form and a crystalline center, show-

ing that the siliceous particles had collected about a fossil

nucleus. Between these belts, or rows, is usually a chalky

substance easily cut with the knife or even by the finger nail.

I

' 1» -a r -wallows" are where the flint is most abun-

dant and of the best quality, as near the Pillared Palace.

Beside each depression is a pile of ashes with bits of hickory

bark. Digging into the wallow, quantities of flint chips were
brought to light. Piles of flint blocks abound in which were
hundreds of them, each piece having parallel faces, and averag-

ing four inches in length, one or two inches in width and one-

half inch in thickness. It was evident to me that they were
split bv the Indians from the oval nodules as materials for

arrow tips or spear heads. We found quartz pounders with

which the splitting may have been done; but no manufactured
articles except a small saucer cut from sandstone which had
once held some black substance. The place was plainly a mine
and not a factory. Our search at the mouth of the cave was
rewarded by the discovery of quantities of flint chips and also

a number of finished arrow heads.

Indian foot-prints were visible in all parts of the new cave

when first explored ; and I saw them in 1854, although now
they are obliterated. The cane torches, so abundant at " Chief

City '"
in Mammoth Cave, which were supposed to be filled

with boar's fat when ready for use, are ratvlv round in Wyandot
Cave, which seems to have been lighted by bundles of hickory

< >i wood.
What is known as the "Old Cave" was worked by salt-

peter miners in 1812, and sundry acts of vandalism have been

charged on them, which it is more probable were done by the

the world is the Pillar of the Constitution at the end
Cave, three miles from the mouth. It is 40 feet high, and 26

;»r. and it rests on a base 300 feet in circumference.
The weight of this immense mass of alabaster caused the sub-

jacent rocks to settle, and this in turn cracked the base, opening
crevices many yards long, and varying in width from two
inches to one foot. A -

i een cut from the base

of this column. Starting from the crevices, an excavation was

made cutting a mass from the base having an arc of thirty feet,

itself ten feet wide, seven feet

high and rive feet dorp. This excavation has hitherto been
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regarded as a deliberate plan of the miners to fell the column.
But we have a different explanation to offer. Tracing the right
edge of the cut we find it running underneath a sfc

wrapping, eight feet wide and ten inches thick at its thickest
part, inspection shows that drippings like those now healing
this wound were at work before it was inflicted, and that the
incision was made through a mass similar to that by which it

is at present overlapped. Rothrock's experiments,' carefully
carried on for a long term of years, fix the rate of stalagmitio
growth in this portion of the cave at one inch a century.*
Hence the excavation, instead of being made in 1812 must
have been completed a thousand years ago. Its age may exceed
that, and it cannot be much less. Following the talus of pure
white stones that have rolled down under the ledges of black
limestone, we find them sometimes cemented over a cavity
where nature has had time to produce groups of exquisite
stalactites since the quarry was worked, confirming the explan-
ation above given. V led us to discover the
tools with which the ancient workmen wrought, whoever they
were, namely, numerous round or oblong granite bowlders,

hard, and of a size suitable to be grasped by the
hand or twisted in a withe and swung as a maul. They could
not have been carried to the end of the cave by the action of
water, for it is twenty feet higher than the mouth. The region,

moreover, is south of the line of Glacial drift It seems certain,

it they were brought from a distance by persons having
access to no better tools. Their ends also are battered and whit-
ened by use as pounders. No manufactured articles were found
on the spot; and only shapeless disintegrated fragments were up-
taniei i at the mouth"of the cave. It is our conclusion that from

ister mine, blocks of a convenient size were carried
away, perhaps by successive generations, as a choice material

mages. Those who wrought here by torch-
-" • ;. v have been of the same race that dotted the Ohio val-

ley with mounds, and whose era, according to Mr. C. C. Jones
(Moil Remains of Georgia, p. 59) was synchronous with the
date of the mine as estimated in this article. Ornaments of

alabaster have been repeatedly exhumed among Indian relics

in the Southern States ; and more careful research may find
' nigh perhaps not

ly. For alabaster, though a very durable material,

when not exposed to the elements, is fibrous in its nature, and
would be liable to decay amid I ne of ten

centuries; as we know from the crumbling specimens found
outside in the vicinitv of the cave.

indeed! (See Biakerd's
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This document, highly important to about one-third of the

human race, is issued annually in December and is carefully

prepared by the Board of Astronomy, an important body,

1. presided over by a prince of the royal

blood, and equal in dignity to any other government body in

the empire. The Almanac is bestowed as a special act of grace

by the emperor on the Coreans, Lewchewans, Annamites and
other tributary states. As this publication is so highly re-

spected by the Chinese it may fairly be considered as the
? ive of the highest "state of astronomical science

reached by them, and it is therefore worth our while to ex-
amine it carefully.

On examining one of these books we find it to consist of

two distinct parts, the astronomical and the astrological, the

latter being much more fully represented than the former.

Taking up first the astronomical part, we find that eclipses of

the sun and moon are not mentioned. These are not printed

in the Almanac, but, as the writer was informed by an
employee of the Astronomical Board, are computed and pub-

lished just before their occurrence. It is well-known to

foreigners resident in China that the predictions are never
accurate, but are sometimes as much as an hour in error.

The times of sunrise and sunset are given for E<

days in the Chinese year. The dates are from three days to

fifteen apart, and the intervals are smallest when the sun is

. bis declination most rapidlv. The times of rising

and setting are very symmetrically "arranged and the same
hours are repeated from year to year. As it is the hour of

rising and setting that is' repeated, and as the Chinese month
is the lunar one, the dates are changed each year. Were it

not for typographical errors the arrangement would appear
very accurate and neat. Bv examining the Almanacs for

several years we are able to eliminate the blunders in the

I we then make out that the figures are the serni-

- of a .star having a declination equal to that of the

sun on the given date. This is easily seen from the accom-
!'>:.; mg table (A). The third year of "Kuang Hsu began with
the new moon in February, 1877, and each successive month
with the successive new moons. The fourth year of Kuang
Hsii gan with the new moon of February, 1878, and the

twelve months follow as in the preceding year.
It will be observed that in the rising and setting of the sun

as given in this table the corrections are altogether absent.
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: of Kuans Hstr, 1877-1

« M nth and Day. Ttoeof

C^ondin,

3d Tear. 4th Tear. Sunrise. Sunset.

V 11 V 21 4-35 7-25 7-25

VI 8

IV 12

vi io

VI 19

IV 23

VI 21

IV 13

VI 30

*m

z 7-07

III 25 IV 7

VI 25 VII 6

III 19 IV 1

VII 2 VII 13 506
III 13 III 24
VII 9 VII 19

III 7 III 18

VII 15 VII 2,1

III i III 28

VII 21 VIII 2

II 25 III 6
VII 27 VIII 9 5-36

11 18 II 30
VIII 5 VIII 12 616
II 12 II 24
VIII 11 VIII 21 5-52 6-08

II 6

I 30

II 18
VIII 27

II 12

600 0-00 6 00

VIII 23 IX 4 6-08 552
I 24 II 6
VIII 29

I 18

IX 10 6-16 5-44

IX 5 IX 16

I 24

6-24 536

IX 11 IX 22 6'32 5-28

IX 17 IX 28

I 12

639 521

IX 23 X 4 647 5-13

IX 29 X 10 6-54 506
XII 30
X 6 X 16 5-00

XII 24
X 12 X 22

XII 15 XII 14

X 21 XI 2

XII -A XII 14
XI 3 XI 14

XI 29 7-25 | £2 1
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The

sun-dials

common. We i

the absence of

the

ral when the use of time-keepers is not

)t quite justified therefore in looking on

correction as a fault in the Chinese

Almanac. But the corrections for semi-diameter and for

are also absent and for their absence we can find no

excuse. These corrections at Peking may amount to more
than five minutes. The times given in the Almanac are cor-

rect only when the corrections neutralize each other, and as

:!y twice each year for sunrise or sunset we ft* id th t

only about four per cent of these predictions are correct in the

Almanac.

- Times of Moon's Quartering at i

'&!.»^ "SS- '?£' Diff F
;:;; t

:-
;i C&6 F

?ml?
n cssr ..

I. VII.
Feb. 13 4-38 P.M. Aug.

J
II.

IIL
1-36 A.M.

12-18 A.M. + 2

Oct. 7

YIII.

IX

:':
:

7 vm.

2-22 P.M.

1 1 -47 a!m.

4-1*3

May 5

IV.
t-05 P.M. 7-13 p.m. 29 23 10-31 P.M. 4-24

Nov. 3 + 25

'"a
"i

!;.;;;t

1 03 P.M.

Doc.
"

XL Z2
+ 22

+ 13

J:;!y

VI.

-1-48 A.M. 4-31 ,.*: 4- 3 27

XII.

2-06 p.m: 218 P.M. + 12

858 p.m. 8-57 p'.m!

3 -05 P.M. 757 a!m.
kng. 2 2:: 6-07 p.m. :

1
2"

2:5 I ;•:;- p.m.

The times of the
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is a fair presumption that thej are offered as co
stronomical Board which can not compute the
can hardly be expected to be accurate in its cal

he moon's motions. Table B shows the araou
for the last year. The errors are not elimii

appan
tion of tli Chi,, - m Wx >u~ f,

.

two vears we find the'
of error is from fifteen n ttot\renty-six minutes Slow,
or a total range of forU tes, while the percentage of
correct predictions is only three,

involved defies solution.'

The character of the errors

The Chinese vear is d ivid< 1 int nty-four seasons,
fifteen (lavs apart and d ti rli" sun's right asee ision.

The most' of these, such as "little old " "great oold,"
water/' "excited insect recognized by w
science, but four of thern, viz., the ,,|ui ,.x- and so'lstic

3an fairly be criticised
by foreigners. Accord "nil ese the sun is < r the
vernal equinox at 7 h 43 m. p According to ft

calculation the IVkn><- i

26 m. P. M..~mnkinotl • Chin,- 17m slow. Their su
solstic, is 29 m. slow

; k 49 m. slow ; ^

solstice 35 m. slow.
The preceding quotati ins are foi Pek ng; theaccompa iviug

foreign times are compn ed from tl e Bi tish Nautical All ,'anaS

the astn.i -leal \< rti.

r,l,<, iiV; fl)I
.

ri ViI i,

- - :
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The third day ; there are no indications.

The fourth day ; may receive or make visits and cut out

clothes; at 7 a. k. may draw up contracts, barter and make
presents. May not go on a journey nor break ground.

The fifth day ; may visit, bathe, shave and clean up. May
not plant and sow.

The sixth day is favorable for sacrifice, conjugal union, visit-

ing, taking on a new servant, starting on a journey, removing,
ni.iirviu. i« [ linn.:. '•-!].! li ,_:.

'

i 'iM'.j ground: at 3 A. M. may
draw up contracts, open shop, barter, send presents, seal, test

the soil and bury.

The seventh dav ; may level roads but must not start on a

journey.

The eighth
; may sacrifice, memorialize, enter office, assume

ceremonial clothes
; at 5 A. M. may sit toward the southeast

;

also favorable for conjugal union, visits, weddings, taking on a

new servant, starting on a journey, erecting uprights and put-

ting on crossbeams, building, removing soil and burying.
And so it goes on for nearly every day in the year. Enough

has been translated to show the excessive childishness and
absurdity of this, the principal part of the Imperial Almanac.
On the 17th one may be treated for illness and open caches of

provisions. On the 22d it is allowable to pull down old houses

and walls but drains must not be opened or wells dug until the

27th. Arrests should be made on the 25th ; this is the only

favorable day in the month—a very satisfactory arrangement
for criminals. There are four days in 30 on which one may
cut out clothes and the same number on which one may
sweep and clean up. It is advised to shave on the 5th, 23rd,

and 29th, and to bathe 7 times in the month. Unfortunately
the intervals between the bath-days are unequal, and the

believer in the Almanac must wait from the 5th to the 13th

and from the 14th to the 23d. Besides on the 1st bathing is

at an inconvenient hour, viz. noon ; the hour on the

29th (5 o'clock) is much better.

These indications seem too silly to affect sensible men, yet

while the Chinaman is not only sensible but actually shrewd
and keen, he guides the most <»f his more important affairs by
the Almanac. The poorer classes watch the Almanac care-

fully and marry, bury and do other things only when it advises,

and it is to be feared that the better educated do not start on a

journey nor enter office except on favorable days, though it is

to be hoped they bathe, shave and clean oftenen
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SCIENTIFIC INTELLIGENCE.

I. Chemistry and Physics.

1. On the Determination of Carlo,,; A,;, I ;,, .]//„,,•<>/ ,mt, ,-s.—Borchees has proposed a new method for determining both
8*e free a onic acid of a mineral water. He
uses in gem- i vised for this purpose by Classen,
but modified in its details to suit the new method It consists of
a flask to contain the water to be tested, through the cork of
wiiiri, two tubes pass; one a safely the bottom,

an be poured and air aspirated;

atached to an upright condenser surrounded by a cooling

5 filled with u':
-

; rie acid. To
i joined a Liebig's potash bulb, a soda-lime tube and an

aspirating bottle. Wii inary experi-

. joined a Liebig's potash bulb, a soda-lime tube and an
With this appar;

ments were made. In the first, hydrochloric a'cid of I

was boiled in the flask for an hour, and then air free from CO
a

aspirated through it; the potash apparatus lost 0*0120 gram and
am; thus proving the pe

ti». apparatus. In the second, a measured volume of cold water
with carbonic acid, was placed in the flask and gradu-

ally heated to boiling, air being drawn through afterward. The
increase of weight of the potash bulb and soda-lime tube, repre-

i well with the amount obtained
by Fresenius' method ; thus"proving that the free carbonic acid

of a water is entirely driven out by this method of treatment.
in tin.- third experiment, it was proved that by siifhYieni boiling,

the carbonic -;•
I
ootua

be wholly driven off. The analysis is made as follows: The
niiiu-ra! water, previously well cooled, is introduced into the

flask by fitting to the bottle containing it, a cork carrying two
those of the ordinary wash-bet tie. The flask preferred

is of the form known as Erlenmeyer's, a mark being made upon
the side to measure the quautity introduced. After connecting
it with the apparatus the liquid is heated gradually to boiling,

I the solution in the potash bulb

begins to retreat. A liter of air is then drawn through the

water, the boiling and the following aspiration being repeated

one or more times according to th- represent.

The increased weight of the potash bulbs and the soda-lime tube

is then noted, as the free carbonic acid. By means of the funnel

rochloric acid is allowed to enter the flask slowly to

decompose the carbonates. The liquid is then boiled ami aspirated

as before. The second increase of weight represents the combined

carbonic acid. Treating the Selters water in this way, a liter of

water gave free carbonic acid 2*4911 grams, combined 0-5699,

total 3-0610 grams, against 3*0934 found by **~"
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Kranchen gave free C0
2
1*5277, combined 0-6782, total 2-2059

grams. Carlsbad Schlossbrunnen 1-4122 free CO
a ,

0-7066 com-
bined CO.,, total 2-2088 grams. -M men :>-tjo55,

combined 0*9055, total 3-5408 grams.

—

J. pr. Ch., II, xvii, 353,

July, 1878. g. F. b.

2. On Ultramarines of various metals.—Tin' product inn from

the liluo ultramarine containing sodium, of a yellow ultramarine

in which the sodium is replaced by silver, was accomplished some
time ago by Heumann by heating the former substance, mixed
with a concentrated solution of silver nitrate, to 120° in a sealed

tube. The attempt to form other analogous ultramarines in this

way was a failure. 1)e1
,,

oii<'f:am.> and I'ai.lix have now suc-

ceeded in devising a general method of preparing uit r:. murines

containing different metals, and by which they have already pro-

duced potassium, barium, zinc and magnesium ultramarine-. The
process consists in producing the ye, low silver ultramarine by
the above method and then in heating an intimate mixture of

this with the metallic chloride desired. To produce the silver

product, the authors heated, for fifteen 'hours, ten sealed tubes,

each containing live grams of blue ultramarine and ten grams of

silver nitrate in concentrated solution. On opening the tubes,

seventy-five grams of pure silver ultramarine was obtained con-

taining 46-63 per cent, of silver. Under the microscope it appeared

a perfectly homogeneous mass of transparent yellow grains. It

contained - ;

am-, silver and oxygen; is insol-

uble in water, and undecoinpusabie !>\ -tronj; add-. Healed with

an intimate admivturt -i sodium orid ivj uediy, the sodium
replaces again the silver and a blue u'tramurim is obtained, of a

more beautiful shade, and containing less of violet than Un-

original ultra oarine; a differ n i due to th< ight loss of sul-

phur. If potassium chloride be used, a blnia
is produced. Barium chloride give- a \< !l<>ui>! -,,i .wn, zin» < iilo-

ride a violet, and maumeMum chhuide'a „i\u compound, l.a\ uig

all the properties of ultramarine.—Bull. Soc. Ch., II, xxx, 112,

August, 1878. G. f. b.

3. On Chrome Steel.— IbussixoAULT lias made an investigation

into the production, the constitution and the properties of the

so-called chrome steel. This steel is prepared by mixing in the
eruciblc the required pro; >n i. ms of a;i\ suitable steel and an
alloy of iron and ch minm. This ail- y is

obtained by the diivd reduction of chromic iron, and when made
in the crucible may contain sixty to seventy per cent of chromium,
but only seven to ten when made in a bi-h furnace. The dis-

eovmy uft!:is ^tf.d, the aurla r uUri'mU- to Ibrthbr in lr_'0, and
-'*_- '- >

'- b >u. ' is mem r describing l.i> experiments. He

chromium, which were of excellent (juaTitv and were worked into

< H !

: "- u-i . :1 ,1 m 1, twn ,.X p,a-itn*ents t t -

pering. One of these si am and 0*001
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extent of the carbon in it. Further .xperiments with iridium and
osmium showed that these metals could not give to steel the
property of hardening. He points out the fact that in 1867 in

Antioquia in Central America, a cast ron was made containing from
two to four per cent of chromium, and concludes with a descrip-
tion of the process of ma
the works at Unieux.—Ann. Chirn. Phys., V, xv, 91, Sept., 1878.

4. On the Etherification of the Primary Alcohols.—Mkxs. hit-
kin has studied the influence of the isomerism of the alcohols
and acids upon tin formalin!, <> tin ir . :•,:,> ov^l , tl i rs, and in the
present pa p« i •uta-j.'e of acetic acid

- at I.V4'. A- to the

velocity of 'this etherification, the first place is taken by methyl
alcohol; then follow the primary saturated and then the primary
unsaturated alcohols. The author calls the velocity of the reaction
during the first hour, expressed in percentages of the ether formed,
the stnrtmo-velocity. in ahsolut* s «i< ei*\ he distinguishes the

ratio Let ween the quantity of the acid or alcohol etherified and the
whole quantity taken : by relative velocity the ratio of the portion
etherified during the first hour to the whole quantity finally

etherified. The alts., lute siai tiuo-veiocity ,,t methyl alcohol is

55*59, the relative 8o-s. The s.n;. \ alcohols

hour, alcohols with high molecula;

noleculi

;locity lessens with incrith in. r. ;i-u u im-l . ular w< i_ih in

7 alcohols. The influence of isomer

the case of absolute, is more marked in the

rting velocity. The velocity of etherification

rated primary alcohols. To* estimate the limit

of the etherification, numbers are taken representing the final per-

centage etherified, beginning with 120 hours. With the exception
of methyl alcohol, the percentage increases with the molecular
weight. " Isomerism affects the velocity of etherification, not its

limit. The unsaturated primary alcohols show lower limits than

saturated alcohols having the same number of carbon atoms.—
Her. Ikii. {'htm. <Te.i., xi, 1507, Sept., 1878. G. r. b.

5. On thtt Prejxirtttt .,, of A ly> h rnhh The present mode
-t p,-. oarinu a / - |.lM-pl.or..ii^broi.ii.k- on

has shown that this ether may b. roa-lih
;

r. pared by distilling

> drop into the

iquid. The allyl bromide, whi -h df-tils over with the vapor ot



6. On a New Method of preparing Aldehydines.—Ladkmu:e:.;

showed some time ago that the orthodiamines could be readily

distil g lished from the ineta and paradianiines by the fact that

the former produce with aldehyde permanent bases which he

called aldehydines. He has now proposed a new and simple

method of preparing these aldehydines, which <-<>i!>i>t> simply in

agitating a dilute aqueous solution of the orthodiamine hydro-

chlorate with aldehyde. A tenacious mass is at first formed,

which after a long time on standing, or more quickly on a.h ling

alcohol, passes into a colorless crystalline hydrochlorate of the

new base. Recrystallization gives it pure. The yield is from
fifty to seventy per cent.—Ber. Berl. Ghem. Ges., xi, 1648, Sept.,

1878. G. F. B.

7. On the Constituents of Gorallin.—Zulkowsky has reexam-
ined the substance known as corallin and has succeeded in obtain-

ing from it two homologous bodies corresponding to the two
homologous rosanilines discovered by Emil and Otto Fischer, the

rosanilines being the triamido and the rosolic acids the trioxy-

derhatives of a hydrocarbon con-r/

methane. The first of these rosolic acids crystallizes in needle

masses, dark rose-red by transmitted light, with a magnificent

metallic-green reflection. It has the formula CMH ,„(),,. The sec-

right rhombic prisms, has a blue

metallic reflection arid affords on analysis the formula C
19
H

14 3
.

—Liebifh '

found under various condi-

> prepari
tinid by boiling with alcohol, filtering, drying the residue at 100°,

and extracting with warm water containing a few drops of ammo-
nia. On evaporation monoclinic crystals are obtained, which
proved to be the phosphate of a m-w ba*e, who>e h\

'

had the formula CJH B
NHCl.-~Z^y.s Annate,,, cxciv, 68, Sept.,

9. Persulphuric Oxide S
2 7

.—Since his earlier paper on the

amber, Berthelot has
- -fa more extended inve-tii: iti- u ..f ti i- new compound.

The most interesting points established are those connected with

its thermal relations, in the fixation of oxygen gas to form per-

sulphuric oxide, heat is absorbed, and hence in its decomposition
heat is evolved, and the loss of energy in the successive stages

from ozone to oxygenated water, from oxygenated water to per-

i
: .

-:.-.. .. i

-

are beautifully traced, the total d .' -d by H"S
units of heat.

Thus M. Berthelot has furnished us with another illustration of

the general principle which his inv^ti-uiions have served so
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greatly to illustrate. Persulphuric oxide is an example of a
le class of compounds whose formation i- atl

•ption of heat, and whose production can only be deter-
the Pvr^pnrlit.nrp af snma mode of energy. Correspond-

- are very i

more stable products the heat previously rendered latent "becomes
free. Xow in accordance with the mechanical theory of heat we
are forced to the assumption that the expenditure of energy attend--' T

i

of their molecules a certain energy ol position, which energy
'..< when these part- tall Ivu-k into a nioiv -

librmm. But this evidently implies that the molecules have a cer-
tain -tincture, and if so, this structure is a legitimate subject of

tl to understand why it

is that M. Bertheiot. . ; ,i>try with some of the
most important facts on which the modern theories of molecular
structure are based, -n iisparage the results of
those who are investigating the same subject from a different

point of view, and whose conclusions are, at least, as trustworthy
as his own. In the present series of papers, Ann. de Chem. et

Phys., July, 1878, Dumas' theory of types is revived and advoca-
ted as more philosophical than the generally received doctrine of

fi, on the ground that it is not so much the nature of the
- the so-called type of combination which determines

ties and chemical relations of the resulting products.
But in the present state of science what conception can we form

grouping?
i the doctrine of atomicities except an attempt :

'

ion of the habitual n

atoms, and as?

doctrines Berthelot condemns, are all engaged on the one prob-
lem of tracing the physical as well as the chemical relations of

> to what they call molecular structure ? Lastly, we
fail to see what advantage the phrase "type of combination" has

over the term " molecular structure." The two expressions sug-

gest the same general thought ; but the idea of molecular -'na-
ture developed as it has been by the investigations of the last ten
years, is a more definite conception and one which correlates a

an the earlier conception of chem-
i- ai -\ pes, and it must be admitted that the value of a working
theory depends solely on its power of correlating facts.

10. Acoustic Repulsion.—In a recent number of the Philosoph-
ical Magazine (October, 1878) Lord Rayleigh has given a mathe-

on of the repulsion

of resonators observed bv Dvorak and Mayer (Phil. Mag., Sep-

tember, 1878, p. 225.) The conclusion is reached that the reson-

ator tends to move as if impelled by a force acting normally over
the area of its aperture and directed i/vrard.

Am. Jour. 8ci.—Third Series, Vol. XVI, No. 96.—Dec, 1878.
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; by W. Goold Levisox, on the Sand Filter descrih, ,1 in

This is then cut off by the file at the points a, b and c, forming
two pieces. The large end of such a piece being held in

the flame soon assumes <
_' lm u - . huming a pear of glass.

YVm-n this is dropped in the funnel the long stem rests against

its side. If the funnel be of very thin glass, so as to weigh but
little, and the end of the stem be fused fast to its rim, no jar will

loosen the sand or precipitate, and it forms, probably, the most
convenient filter for drying precipitates at a temperature that

would char paper.

IT. Geology and Mineralogy.

1. NoU

Hall. (Proc. Amer. Assoc, Nashville meeting, August," 1877.)

—

The term Hudson River Group was employed in the Reports of

the New York Geological Survey for the shales and slates over-

lying the Trenton limestone. Later it was urged by Si:

Logan, and partiallv admitted by Mr. Hall, that the slates of the

Hu-N..ji Uiver region unv n..t of the group, but of the Quebec
A group was suggested by Meek

„~ „ substitute. Professor Hall here

nd states that subsequently he, with Sir Wil-

Logan, after an examination of the region, found that the

ntially right; that the "Hudson Hh
group continues unint

i

- toga County to Kings-

ton in Ulster County, and, on the east side of the river, is clearly

defined along the \ alley, with ;i width of one to s<-\,

through the counties of Washington, Rensselaer, and Colombia,
its eastern limit approaching the river near Rhinebeck ; and he

rightly says, that there is no good reason for abandoning the old

nam. " Hudson River Group."
2. Paleontological Report of the Princeton Scientific Expedi-

tion of 1877 ; by Henry F. Osborx, Wm. B. Soon and Fi:an«is

Spkir, Jr. 146 pp. 8vo, with 10 plates, 1878.—The expedition
from Princeton College last summer to Colorado and Wyoming
returned with large ai i,, n s of fossils as this

Report abundantly shows. The Colorado collections were made
in the beds near Florissant, supposed to be Miocene, and in

those near the harden of the C:^ -referred to the Dakota and



Weaidcn groups,"
Bridger, near Smith's Fork, Henry's 1

species embrace Mammals. Reptiles i

plates represents a magnificent specimen of the skull of a new
species of XTintatherium, named XT. Leidianum ; and a second

r he genns is named XT. princeps. A paper on the geo-
•rk of' the expedition will appear in another number of

this Journal.

3. The Ancient Life-History of the Earth; a comprehensive
outline of the principles and leading facts of Paleontological
Science ; by Professor H. Alleyne Nicholson, M.D., etc. 407

pp. 8vo. New York, 1878. (D. Appleton & Co.)—A very con-

venient text-book for the geological student.

4. Manual if M'm< rui, >.*/// nut L'f/^>/'>//i/ ; containing the ele-

ments of the science of minerals and rocks, for the use of the
practical mineralogist and geologist, and for instruction in

schools and colleges; by James D. Dana. Third edition rear-
' en. 474 pp. 12mo, with many wood cuts.

(John Wiley & Sons.)—The second edition

tvi.-d' v Hi,. ,„,,, C'.wv feature of the former in its elementary c

acter, and its arrangement of the ores under the head of the

prominent metal they contain. In addition, the chapter on rocks

has been expanded into a general but brief treatise on the subject

containing descriptions of the kinds and their prominent varieties.*

III. Botany and Zoology.

1. Short!a ij.ihu-!ft J:,> n-di.-i ,•,,><].—A hundred years ago the
elder Michaux collected, somewhere in the mountains of North
Carolina, a specimen of a Pyrolaceous looking plant, out of flower,

or rather with corolla and stamens fallen, a dehiscent capsule

enclosed in a persistent imbricated calyx and surmounted by a

'-•"/>". which was prepared by L. C. Richard i V- hi Michaux's col-

lections. Early in the year 1839, I found and examined this

specimen in Michaux's herbarium, and I '
revived from the hand

of 11 Decaisne a drawii '- of it. In a paper
treating of the botany of these mountains, contributed to this

Journal in January, 1842, I ventured to bund a genus upon this

plant, under the above name, trusting that the diligent search

prosecuted by myself and by all botanh-

would d *
'*

endeavoi
ciates in the search, as to the i

In 1868, I had the pleasure of ;

I by the former put
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•';
it, but win.' re t \perienct had led me to expect that

any or every peculiar Atlantic States type might recur, namely in

Japan. That is, I identified the g< i-
i s ><!<>,> >mi-

florus of Maximowicz, which, singularly enough, was known only

'by specimens in the same condition, i. e* with calyx and gynoecium,

r corolla nor stamens. The patent relationship of these

specimens to Schizocodon soldanelloides of Zuccarini gave ground
for a conjectural restoration of the missing organs ; and I ven-

tured the opinion that Shortia (of 1842) and Schizocodon (184:;),

whether of one genus or two, were most related to Diapensia.

In the year 1870 (in Proc. Am. Acad., viii, 243) I reconstructed

the order Diapensiacem, referred to a separate tribe, Galacinece,

the genera Galax and Shortia, and adopted the idea ot a piol-ahle

identity of Schizocodon with the latter. The next year Maxi-

mowicz decided that the two genera should be distinct, founding
this conclusion upon the close seed-coat (confirmed in the Japa-

nese Shortia uniflora) and the campanulate corolla, with lobes

t'enate instead of fimbriate, and upon some characters

in the stamens, all these taken from a rude figure iu the Japanese

Soo Bokf., iv, fol. 8, which is supposed to represent S. uniflora,

although the leaves would (as Maximowicz rightly observes)

refer it rather to & gallcifolia, these being all represented as

acute or in -; base, instead of reni-

form-cordate. The identification ;h to genus is doubtless correct

;

but the analysis of the flower is too rude for reliance as to all

relating to the stamens and the squamulse. Happily I can now
give the characters from an actual blossom.
For I have now received, at first indirectly from Mr. J. W.

C'oiigdnn, and at length directly from Mr. M. E. Hyams, of States-

ville, North Carolina, a flowering specimen of the long-sought
sh<n'ti<! ifdoi^/'Al'i. Mr. II warns, or more strictly his son, George
McQueen Hyams, collected it on a hill-side in McDowell County,
North < arolina, in the district I had indicated as the most proba-

ble locality, viz : east of the Black Mountain. It was collected

in May. 1877, but, as its remarkable interest was unknown, it has

only now been communicated to me. I will only state here, that

the distinction between the two genera is pi
our plant is perhaps identical in species with the one figured in

the Japanese books (rather than with S. uniflora), although the

corolla in ours is seemingly white, and the crenulation of the

border of the lobes is stronger than in the de-.-ription and often

double; that the anther, though nol irreeingwitl Mavimowicz's
character, probably may agree with this Japanese representative,
and may be generically distinguished from
unless other species afford transitions ; and that the squamulae
are like those of Schizocodon and fully as large, but broader, nar-

rowed or almost unguiculate at base, and attached to the very
base of the corolla, while the filaments (said by Maximowicz to

be " libera," probably in the sense of free from the corolla, as

they are represented in the Japanese figure) are adnate to the

corolla for most of their length. That is, the pbr;



Less fortunate are the characters

:

erects, didymse . . . loculis oblique dehiscentibus," derived by
Maximowicz from the Japanese figures, and the " anther® breves
• . . loculis divergentibus" of the Genera Plan tarum ; the
anthers being longer" than in any other genus of the order, and
the cells in a just sense longitudinally dehiscent. But the anther
is,—as in all its relatives except the anomalous Galax,—infiexcd or
incumbent on the apex of the filament, in this genus about hori-

zontal, as are consequently the marginal suture- which run the
whole length of the elongated-oblong cells. The pollen is simple
and obscurely trigonous as seen on the field of the microscope.
The style and stigma are as in Sehizocodon, but the latter more
capitate. a. g.

2. On the Amount of Sugar contained in the Nectar of various
Flowers ; by A. S. Wilson. A paper read before the Dublin
meeting of the British Association, August, 1878.—The interest
of this paper lies in the determination of the very small amount
of saccharine matter secreted by the nectaries ofVertain flowers
commonly \ tail I by honey bees, n<l tl *

industry of insects in their work of collection; or in other words
the vast number of blossoms they must visit (and aid to
in order to lay up the quantity of honey they do. Mr. Wilson

•rora his data that, to obtain one kilo of sugar from red
clovei-. 7,500,000 flowers must be sucked. There are about sixty
flowers in a head ; and 2,500,000 visits must be made to collect a
pound of honey. (Abstr. from Jour. Botany, London, Oct., 1878.)

ing abstract of his views.

(1.) Of all the theories advanced to explain the
water in plants, that of Boehm is most nearly in

observed facts. [Ac
caused by transpiratic
and of atmospheric pressure.]

%
(2.) Although transpiration is the most potent cause of absorp-

tion, these two functions are not necessarily proportional.
' ._"-

arly constant ace in diffused,/;:;

- more rapid than absorption. It can reach

it which the plant b< cm, -
: -~.

,
,ral.lv injured.

Hien a plant taken from mean condition- is exposed to a

. absorption is more rapid than transpiration,

roportion as the want of water in the plant i- supplied.

spiration diminishes, and at last the plant is filled to

(6.) When a plant 1
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tion is not lost ; it accumulates to act at once on the roots when
water can be had. Then there is observed an absorption more
energetic than the transpiration ; the absorption diminishes as the

want of water is supplied, and finally is governed wholly by the

transpiration.

<),» tlu causes of the abnormal shapes of plants groicn in

"Tien deprived of light for a few days, growing plants

i chlorophyll become etiolated, and undergo changes
the dork.—When deprived of light for i

in form which are often very noticeable. The internodes

to a greater length than when they grow in light, while the leaves

develop only slightiv and an often misshapen. From the fact

that many plants provided beforehand with a store of nourish-

ment, as in the case of conns and bulbs, produce in darkness,

flowers of normal color and shape, but at the same time distorted

•Med leaves, the cause of the abnormal growth has been
attributed by some to the disturbance in assimilation. Kraus has

attributed the abnormal extension of internodes grown in the

dark, to an excessive development of the pith and an imperfect

vascular tissue. He has also observed that

the epidermal cells under such conditions have thinner walls than

usual. Runwen h off, in Ann. Sci. "Mat., ser. 6, 5, v. and vi. has

reviewed the studies of Kraus and others, and comes to the fol-

lowing conclusions : The longer internodes have, in most instances

a longer pith than the others, but that the growth of this cannot

be the sole cause of the abnormal extension appears from the case

of L,<putiens, etc., where the pith is wanting. In darkness, the

plants experimented upon developed in all parts an unusual

amount of fundamental tissue, the tissue to which pith belongs.

This abnormal development is attributed to the absence of the

retarding influence of light, and to the action of negative geo-

tropism. g. l. g.

5. Cryptogam)'- Flora of Silesia: Algce, by Dr. Oscar
Kiian.ru. Breslau, 1878.—This forms the first portion of the

second volume of the Cryptogamic Flora of Silesia, published
under the direction of Professor Ferdinand (John, of which the first

volume has already been noticed in this Journal. The descrip-

tion of species is preceded by an account of the different works
on the algae of Silesia, and by an article on the general structure
of alga-, especially of those'gTowino- in besh water. The first

""'i*'' yt ai_. in >ilesia appears to be the description by Kund-
niauii m L7ao, of an "Oderhaut" or leathery mass growing i,n

the Oder which was lound h\ <b ( p.„ir. ui'.. . \., mined Kund-
mann's specimens in 1*40, to "be formed of Cladophoro fraeJa.
Hotow. (beppert, Ehrenberg. Col.n and Hilse have successively
contribute -

flora an<j many of I

species were distributed in Rabeuhorsfs Algen Europas. On the
whol, hi K m ' ,sti ,*i -isk.oui, f., i* the algae than
about the other cryptogamie groups of Silesia. The descriptive'

part ot the work, embracing more than 250 pages, is well done,
the author bavin- be, „ :l^jM . 1 b\ the notes ot his instructor

Professor Cohn. The Floridem are" treated first, and finally the
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Schizosporece, the Diatomes preceding the latter order, contrary
to the usual mode of arrangement. In classifying the l)i.>t<>,nr*

}Ji uilinri .1 iiowed Grunow and in the Nostocs he has;adopted
Thuret's classification. It is refreshing to see how the species of
Kuerziug an(j others are united into more rational ami comprehen-
sible species. The second part of vol. ii, including the LU-hnm
by Steio and the < ling the Fungi by Dr.
Sclmeter, are announced for 1879. w. g. f.

6. JVew Y,„/,- .sf.,/ f .I/..,,,/,,, ,;/' X.,t.i,;il History, for the year
1876: Report of the Botanist, Charles H. Peck; made to the
Regents of the University, Jan., 1877. Published in Sept., 1878,
m advance of the Report, pp. 78, and two plates of new Fumji.—
This :ioth annual report follows the 28th, the 29th being still in
abeyance on account of some delay in the preparation of the
plates. It appears that 168 specie- have during the vear been
added to the State Herbarium, of which 129 are Fungi, and 69 of
these either new or previously undescribed. At the close of the
report Mr. Peck adduces reasons for the opinion that U,czlt<s
Cookei Berkl, L. Cratcegi, L. proxim «, possibly L. Klotz .-< /.//,

Dtzdalea confrayosa, and TrameUs ."/,.<•,/,.*, are all forms of one
species. A sad account is given of the ravages of a beetle,

Hylurgus rufipennis, among the Spruces in the Adirondack region.

7. Professor Eaton's Ferns of North America, parts 8 and <>.—

-1*V" 1'nint LnjicJiitis and Woodicardia angustifolia make up an
effective plate, finally hands,

,

m e and well executed is the next
plate containing . i--y <i'l>"i:> fr>iyrn»s ;md /'/>> a<>nt> ,--'.< nip* .<r,-is.

The latter is one of the few subalpine species which are wanting

tend n tin vestern sid< i'ai o own tie -
t N'evada ( ilil n i

An...i,._.- ,.T|, t .r^ Sir J. I). Hook- r (o!h, t,d it on Ait. >hastu. One
- ; ,

"
. _hi 1 - fixed and the

the original West Indian species even though fh. larger Irish T.

sp'-rin*,/,,, n,ay \,e different 1. and the lilliput ian 7, lU,-rsii. The

1

"
• '-in' addition to the three < >v i

> r «^l'<>

uo'^m ;. ,[ ,„, r i u . pla, , i. i,l l,,l. .„ i _., 1 t._, P . Mth tint ind

:-..-•
, ... .-.,-,... ; -:.;, •.. ^ ,-: _ -..

•

- v.

'\
,

.1
i ( >s for distinct species. TIom u o -p ci. - <<J /'"'//-

r-'tun, fill the next plate, on which the nobie /'. >v-. >///*-,•/ takes

by an oversight the name of J 1
, vulyart. It must he that the

k are not revised by the editor before • to r
:

l.<-

Would not let such slips pass The last plate ereTtal.K represents

two sp,.ek.s „f /V////-V/. /'. nndr<omd,tf«fhi of the we~f. m. and /'.

Jt-..r>i,,*„ of the southeastern portions of the United States, both
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8. Sarracenia purpurea, with fr

umbrella to the style, an interesti

detected, near Grautville. Mass., by Mr. Isaac Sprague. The stig-

mas at the end of the rays are normal ; but the branches radiating

from the apex of the short style are distinct to the base, the nerve-

form axis having merely a very narrow membranous border, a. g.

9. Professor Alexander Agassiz's Zoological Laboratory at

X> /<>,-?'. Rhivb /../>/'/.- Tie lessor Agassiz gives the following

account of his excellent laboratory in the Annual Report of the

Cilia! or of the Museum of Comparative Zoology for 1877-78.

—

Although summer instruction in Zoology has been abandoned at

the museum, I have been able in my new laboratory at Newport
to give facilities for work to halt" a dozen teachers (three la. lie- ami

men); and il is my intention hereafter to divide the

facilities at my command between students of the museum and
teachers of our common schools, who must, however, be su

advanced to study for themselves with profit.

The new Laboratory erected by me at Newport is twenty-fire

feet by forty-five. The six windows for work are on the north

<ide. and extend from the ceiling to within eighteen inches of the

floor. In the spaces between the windows and the corners of the

building are eight work-tables, three feet by five, covered with

white tiles, one foot of the outer edge being covered, however,

with black tiles for greater facility in detecting minute animals

on a black background. Between the windows, movable brackets

with glass shelves are placed ; while similar brackets extend across

the windows and between the tables, thus providing a shelf at

any desired height. The tab!.- tor mh-roseope work are three-

U J,tl stands ot \ u\ i»_. htij t tdipn 1 to th,- tifteient kinds of

microscopes in use. The whole of the northern side of the floor

upon which the work-tables and microsc-pe-stands are placed is

supported upon hrick piers and arches independent of the main
brick walk :',.rm at the same time the base-

ment of the building. The rest of the floor is supported entirely

upon the outside walls and upon columns with stretchers extending
under the crown of the arches reaching to the northern wall.

This gives to the microscopic w. age of com-
plete isolation from all disturbance caused by walking over the

floor. This will be duly appreciated by those who have worked
in a building with a wooden floor, where every step caused a ces-

sation of work, and was sun To disturb au\ object ju-t at the most
interesting moment. * * * The water is taken some distance
from the Laboratory, and drawn up at a horizontal distance of

sixty feet from the shore in a depth of s.<m< f ir fathoms, the end

of five feet, and terminating in an elbow to prevent its becoming
choked. The water i- led through iron pipes coated inside with

enamel. From the tank, the salt water is distributed in pipes ex-

tending in a double row over the central tables, over the long

narrow tables for aquaria, and along tin- u I...!. !• t gth ot the gia-
shelves on th< -.urh w as. Large "faucets to draw off salt water
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I at each sink ; and by a proper arrangement of valves
it is possible to lead fresh water to a part of the pipes, in case it

is needed. The pipes leading over the tables and shelves are
provided with globe valves and nozzles, to which rubber pipe can
be attached and the water led to a vessel below: there are fifty-

such taps, each of which can supply water or air to at least three
or four jars. The o\ ;

.-,•- laid alongside the
tables, leading into the main drain pipe. To aerate the salt water,
I use an injector invented by Professor Richards of the Institute
of Technology. This can be used to supply aerated water directly

to the jar by providing ii with a siphon overflow, or the aerated
water can be collected in a receiver, from which air alone is then
led to the jar. This latter course is the only practical one for

delicate specimens, and for the bulk of the work of raising embryos.
Tin- i -i mid u.-st sides have large windows and doors provided

is ; they always remain open, with the blinds closed to

keep out sun-light, and serve to ventilate the Laboratory thorough 1 y.

Large tables for dissection, covered with slate and adjoining a

sink provided with fresh and salt water, are placed across the

windows of these sides.

Ever since the closing of the school at Penikese, it has been my
hope to replace, at least in a somewhat dinvivm direction, the
work which miirht have been carried on there. It was impossible

for me to establish a school on so large a scale ; but I hope, by
giving facilities each year to a few advanced students from the

'el teachers in our public schools, to prepare, little by
little, a small number «>t teacin rs. who w i!i ha". < had opportunities

f>r pursuing- their -Siidu- hitherto unattainable. The material

exceed twenty to thirty iathom-
ie most abundant. During the course of eacr

is are sure to be found. With my small steal
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No. 73. Made under the

Washington, 1878.—Prof,
account of the features, cli-

mate and drainage of the great region, describes its agricultural,

pasturage and timber lands, and discusses its methods of water
supply, and important subjects connected with irrigation. The
report also presents a detailed description of the irrigable lands

of the various basins, and their present condition, and treats of

the government land system needed for the arid region. Mr.

Powell's many expeditions over the Rocky Mountain region, under
Government auspices, have made him familiar with the country
described, and have well fitted him for the preparation of such

2. United States Qeoloykal Exploration of the Fortieth Parallel,

Clarence King, geologist in charge. Systematic geology, by
Ci.atm:x< -e King. '8o4 pp. 4to, with 28 plates and 12 analytical

geological maps, and accompanied by a geological map and topo-

gr.-q.lm-al atlas. Submitted to the Chief of Engineers, and pub-

lished by order of the Secretary of War, under authority of

Congress.—We have barely space at this time to announce the

pu'Ui.-ition of this large and very valuable volume on the geology
of Western America, by Mr. Clarence King, which closes the

author's Rocky Mountain exploration of the Fortieth Parallel.

:;. Annual rUixn-t ,.;' On linar.l ,,f 11 vent* »f tin S,nW,*»n'»m
Institution for the year 1877. 500 pp. 8vo. Washington, 1878.

4. The late I*r-
>

f*:.<•« >r //,„,-,/. —The family of the late Professor

Henry ask to be entrusted with such letters' <>f his. or other MSS.

papers, now in the possession of any of his correspondents, as

may be of use or interest in the preparation of a memoir of his

lift-! Such letters may be sent to Mrs. Henry, care of the Secretary

n, Washington. They will be grate-

,nd, when desired, duly re-illy received, cai

iirned t

a Argentina, entrega ii. Tomo vi. Agoste de

a orological Service of the Dominion of Canada for the year
nding Dec. 31, 1817 ; by the Superintendent. Ottawa, 1878.
Monographic der Phaneropteriden, von C. Brenner von "Wattenwyl ; herausge-

t Salem, Mass. First

Fomento de la Repiii'i; m M> :•• :<

This volume is largely occupied w

The Paleontoloi
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